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I. INTRODUCTION 
In the present century>medical scienee has taken tremendous 
forward steps. The great majority of the advances that have been 
made were not dependent upon dramatic discoveries as much as they 
were upon the growth of accurate observation and the welding to-
gether of the various new conceptions to a unified whole. 
It is only through the thorough understanding of the anatomy 
and the physiology of an organ that we can appreciate the changes 
that take place in that organ in disease. The complicated mecha-
nisms of tubular resorption and excretion could hardly be under-
stood until the structure of the nephron was elucidated. For 
that reason (and also since the understanding of the mechanisms 
behind the formation of ascites in cirrhosis is not yet complete) 
we have chosen to approach·the problem from its simplest mecha-
nistic terms, i.e., starting with the normal anatomy and physio-
lagy Q~ the structures concerned, and then turning to the changes 
in disease. 
In addition, to further our understanding of the basic alter~ 
. . 
tions, we have chosen to consider related conditions whose patho-
logic physiology has been under investigation over longer periods 
of time, so that we may add to our knowledge by analogy. There-
fore, to understand the role of sodium in ascites, a subject 
' 
which only ·in the past three years has come to the forefront, we 
may well consider the mechanism of sodium retention in congestive 
<:) failure which has been investigated over a longer period of time • 
• 
c 
0 
0 
The opening sections deal with a his,torical introduction, 
brief consideration of the chemical nature of ascitic fluid, and 
2 
prognosis of cirrhosis with ascites. Section IV. has to do with 
the changes in the hepatic circulation and their effect on the 
formation of ascitic fluid. Then, the role of proteins in extra-
cellular fluid production, capillary permeability, and hormonal 
\ 
influences on fluid retention are considered in that order. A 
discussion of the role of electrolytes, especially sodiumJfol-
J.ows; and aft,er a brief mention of the secondary effects of asci-
tic fluid itself in perpetuating upset fluid balance, the various 
fac~ors are considered in relation to one another. 
It is unfortunate that we cannot postulate one simple theory 
that would account for the collection of fluid in the abdominal 
I 
cavity. However, it has long been evident that the homeostatic 
mechanisms of the body are not simple; they are a complex arrange-
of interrelated processes whose delicate balance must be main-
tained so that the organ systems may continue to function in uni-
son. The mechanisms that govern the formation of ascites are 
complex and multiple, but they are nmt ~eyond the realm of logical 
explanation. The mechanisms which we propose today may be modi-
fied in the near future when additional relevant details accumu-
late. The philosophers tell us that the progress of science is 
due to its self-correcting character, the ability to change the 
theories to fit the latest facts and not v.ice-versa. 
0 
0 
0 
3 
II. HISTORICAL SURVEY 
Ascites is a general term referring to the accumulatio~ of 
any free fluid within the peritoneal cavity. 'The abdomen due to 
this transudate (or exudate) becomes converted into what appears 
to be a bag of fluid (Greek rraskosu, a bag). Ascites is obvious-
ly not a disease entity per se but merely a single physical 
finding in many totally unrelated conditions. It is, however, 
especially marked in Laennec's cirrhosis of~ liver and is the 
most common physical finding in advanced liver disease. 
The association of ascites with lesions of the liver has 
been known to our.earliest medical writers. Hippocrates (460 
355 B. c.) recognized ci~rhosis as a disease entity. Erasistra-
tus (310 - 250 B. c.), the noted physician of the Alexandrian 
period;observed the relationship between abdominal fluid accumu-
lation and cirrhosis of the liver. Aurelius Cornelius Celsus 
(25 B. c. - 50 A. D.) described three varieties of hydrops:tympa-
nites (1) (ascites), leucophlegmasia or hyposarca (2) (anasarca), 
and ascites (3) (ascites). The basis of his differentiation of 
tympanites from ascites was the complete distension of the abdo-
men in the former and incomplete in ascites. 
The prolific and egotistical Galen (130- ca. 200 A. D.) dis-
c.arded the theory of Erasistratus that attributed ascites to hepa-
tic plethora and valiantly treated the disorder with a multitude 
of herbs and dr~gs. Susrata~ in the year 500 A. D. in his book 
''Nidana Sthanarr discusses the diagnosis and cat1Se of ascites. 
0 
0 
0 
4 
Faul of Aegina (625 690 A. D.) reported on the use of 
~aracentesis in the treatment of ascites. Paracentesis, inci-
dentally, is a tecru1ique that was used by Hippocrates and Erasis-
tratus but discarded by Galen who stayed that he neve~ saw a 
patient recover after the abdominal tap was performed. 
. . 
In 1669, Robert Hooke (1635 - 1703), the botanical histo1o-
-gist, produced ascites experimentally in animals by ligating the 
upper portions of the inferior vena cava. 
Johns Brown (219) in 1685 published the following descrip-
tion of cirrhosis of the liver and extracellular fluid accumula-
tion: 
.,.,. .... 
nr send you here the Figure of· the IJi ver of an hydro-
pica! Ferson. Re was about 25 Years of Age, a Soldier 
in one of his lffijesty•s Regiments here in Town, who 
contracted his Distemper by drinking much Water, when 
he could not stir from his Duty, and catching cold at 
Nights in being upon the Guard. He was under the care 
of our Physicians in St. Thomas's Hospital for some 
Time, by whose Directions his Swellings did by Times 
abate; but afterwards it was observed, that the 1Jethod 
which had been beneficial to others, had not here the 
like Success, his Swellings returning upon him as before; 
so that there was nothing more now to be thought of but 
a Paracenthesis; which Operation however we judged very 
hazardous, by Reason of the Time of the Year, and for 
that the Patient was very much emaciated; yet he being 
so much swelled that it was uneasy to him to lie in his 
Bed, he importuned us very often, and with great Earnest-
ness that the Operation might be performed. Hereupon a 
Paracenthesis, by the Physicians' Consent and Directions, 
was made by me, No~v. 14, 1685, whereby we drew from the 
Patient about 3 Pints of brinish liquor, and within 4 
Days after as much more; the next morning,he died. Upon 
Opening· of the Body, I believe I took out about 24 Quarts 
of Water; he had a large inflammation upon the Peritonaeum; 
all his other inward Parts not much disaffected, except the 
Liver." 
-
Morgani (1682 - 1771) gave us an eoccellent description of 
' 
cirrhosis, but it remained for R. T. R. Laennec (1781 - 1826) to 
,, 
0 
0 
0 
name the disease cirrhosis (based as we see from the following 
quotation upon the color of the liver). (219) 
. 
"This type of growth belongs to the group of those 
which are confused under the name of scirrhus. I 
believe we ought to designate it with the name of 
cirrhosis, because of its color. Its development 
in the liver is one of the most common causes of 
ascites, and has the peculiarity that as the cirr-
hosis develops, the tissue of the liver is absorbed, 
and it ends often, as in the subject, by disappear-
ing entirely; and that, in all the cases, a liver 
which has cirrhosis becomes smaller in volume instead 
of increasing all the more. This type of growth de-
velops also in other organs, and finishes by softening 
like all morbid growths.n 
Eighteenth century medicine in general realized that there 
was a definite relationship between cirrhosis and ascites. It 
5 
was expected at that time that the recent discovery of the lympha-
tics (nabsorbents") would lead to an understanding of dropsy and 
perhaps point to its cure. It was soon found that the problem 
is much more complicated than mere blockage of the lymphatic 
channels. When there was a localized edema it was recognized 
that there might be local venous or lymphatic blockage but ~eyond 
that the association was tenuous. 
Matthew Baillie (1761 - 1823) in 1807 (18) made the follow-
ing astute observations in his book on the morbid anatomy of 
parts of the human body. 
"Ascites, or dropsy of the cavity of the abdomen, is 
a very frequent disease, and is not confined to any 
sex or age ••• When water is accumulated in a large 
quantity in the cavity of the abdomen the superficial 
veins of the belly are generally a good deal distended 
with blood which probably arises from the pressure of 
the water upon the deeper seated veins; , , , , On many 
occasions the protrusion can hardly. be seen, though the 
water may be accumulated in large quantity ••• When 
there is a scirrhous liver accompanying the dropsy, the 
water is commonly of a yellowish or greenish colour •••• 
" 
I 
J/ 
In many cases of ascites the liver is diseased, 
being hard and tQberculated • • • In some cases 
too, the spleen has been found to be enlarged 
and bard. Ascites is not necessarily connected 
with accumulation of water any where else in 
the bo~; but it frequently happens that it is 
accompanied with the accumulation of water in 
the chest, and under the skin, particularly of 
the lower· extremities. n 
At various times ascites has been associated with cardiac 
and renal disease. Richard Bright (1789 - 1858) verified the 
fact that edema and albuminuria often occurred together and that 
albuminuria argued for renal disease. In later years he stated 
that renal pathology probably preceded the appearance of the 
edema and albuminuria. He made the following observation as re-
gards the appearance of edema in patients addicted to spiritus 
fermenti (219). 
nr have found another and apparently a very oppo-
site state of the system prone to a secretion of 
the character; namely, in persons who have been 
long the subjects of anasarca recQrring again and 
again, worn out and cachetic in their whole frame 
and appearance, and usually persons addicted to an 
irregular life and to the use of spirituous liquors." 
In the year 182~Bright noted the relation.that exists be-
tween obstruction of the venous circulation and the appearance 
o£,extracellular fluid (219). 
"One great cause of dropsical effusion appears to 
be obstructed circulation; and whatever either 
generally or locally prevents the return of the 
blood through the venous system, gives rise to 
effusion of serum more or less extensive. Thus, 
diseases of the heart which delay the passage of 
the blood in the venous system, give rise to 
general effusion, both into the cavities and into 
the cellular tissue. Obstructions of the circula-
tion through the liver, by causing a delay in the 
passage of the blood through the veins connected 
with the vena portae, give rise to ascites. The 
pressure of tumours within the abdomen preventing 
6 
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the free passage of blood through the vena cava, 
gives rise to dropsical effusion into the cellular 
tissue of the lower extremities; and not infre-
quently, the obliteration of particular veins from 
accidental pressure is the source of most obstinate 
anasarcous accumulation." 
Austin Flint (120) in 1863 reviewed.46 cases of hydroperito-
neum. He noted that -
"· •• these results go to show the constancy with 
which, in fatal cases of hydro-peritoneum, the 
affection is associated with disease of the liver •• 
The essential morbid change in all these cases would 
be considered as embraced by the term cirrhosis • • • 
The dropsy is explained by the pressure of the exuda-
tion and newly formed tissue • • • pressure upon 
these venous radicles produces obstruction within the 
liver of the portal circulation; congestion of the 
portal vessels of the abdominal viscera follows, and 
serous transudation occurs as a result of the mecha-
nical pressure on the coats of the vessels incidental 
to the portal congestion." 
Flint also observed that when there were adhesions tightly about 
the liver upsetting its circulation, ascites might occur. He 
considered the remote causes of ascites, i.e., upset. in the 
spleen, heart and'kidneys. Five of the 11 kidneys that he exa-
mined were diseases, and he therefore stated: 
11 the existence· of a relation of causation betvTeen the 
two affections, and if such a relation exists, the 
question whether the affection of the kidneys pro-
ceeds from disease of the liver, or vice-versa, are 
to be determined by ·ascertaining in a sufficiently 
large collection of oases which of the affections 
occurs pri-or to the other • • • It would seem from 
these facts, as if disease of the kidneys is apt to 
co-exist with hydro-peritoneum without being manifest 
by albumen in the urine. n 
In 1896 Thoma (340) believed that the process of transuda-
tion was dependent upon the pressure of the blood, the composi-
tion of the blood, and the condition of the vessel wall. The 
premeability of the wall appeared to be altered by increases in 
8 
0 
C)~ pressure. He stated: 
\ 
I 
I 
I 
b 
I 
"• •• mere hypalbuminosis (diminution of the 
albuminous content of the blood) produced no 
oedema • • (but) the amount of albumen in the 
transudation alters in almost direct ratio with 
the alteration of the amount of albumen in the 
blood plasma. The transudations have always 
less albumen and salts than the blood plasma; 
their albumen and salts are therefore de~endent 
apon those of the blood.n 
Then we come to the outstanding work of Starling who clari-
fied the relation that exists between the plasma protein, extra-
cellular protein and the formation of extracellular fluid (328-
331}. 
In the present century we should mention the work that was 
carried out after World War I on starvation edema as giving tre-
, mendous impetus to the studies of protein levels and extracellu-
lar fluid formation. The work of Landis on the movements of 
fluids past capillary barriers; Patek on plasma proteins; Ralli 
on antidiuretic substances; Shorr on VDM; and Schemm and co-
workers on .the relation of salt to the production of ascites and 
edema. All have been of great importance in furthering our 
understanding of the underlying mechanisms in the formation of 
ascites in cirrhosis of the liver. 
0 
0 
0 
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III. ASCITES IN CLINICAL MEDICINE 
A. cromposition of ascitic fluid 
Ascites is merely one manifestation of the multiple accumu-
lations of fluid that may appear throughout the body. It often, 
but not invariably, is accompanied by edema in other regions. 
The term dropsy has been used in the past to designate an in-
creased amount of fluid in the connective tissue spaces, especia-
lly of the skin (when it is sometimes designated as edema or 
anasarca); or an accumulation of fluid in the serous spaces of the 
body as in ascites (peritoneal cavity) or hydrothorax (thoracic 
cavity). 
The abdominal cavity is large and has many recesses and 
reservoirs. It has been said that as much as 1500 ocr of fluid may 
accumulate before it is clinically recognizable. The peritoneal 
cavity normally contains 100-200 cc of clear fluid. The fluid 
that is drawn from cirrhotics generally is similar to that of a 
transudate. It is clear but may have a yellowish tint. According 
to Mensh a~d Banks (38) the specific gravity varies from 1.005 to 
1.015 depending upon the protein content. If it has been in the 
peritoneal cavity for some time there is a tendency for it to be 
more concentrated. The total protein yaries from 0.1 to 4.0 grams 
%. According to Ralli and coworkers (283) the ave~age total pro-
tein of the cirrhotics who were tapped was 1.2 grams% ~0.18; the 
albumin was 0.70 grams%~ 0.12 and the globulin 0.50 grams% 
~ 0.11. 
10 
0 
c:) Glucose, creatinine, urea and uric acid levels in the asci-
0 
tic fluid closely parallel those of the plasma. The calcium con-
tent correlates with the true diffusable ionized fraction of the 
serum calcium. The chloride, soditun and potassium are consistent 
with what one would expect due to the Donnan membrane equilibrium 
phenomenon. In some cases, if there has been infection or inflam-
mation of the peritoneum, the fluid is more like an exudate, con-
tains increased amounts of protein, and may have inflammatory 
cells and red blood cells. 
The constituents of the ascitic fluid as reported by various 
authors often do not quite agree. The reasons for the discrepan-
cies are multiple. The time of paracentesis in relation to the 
length and severity of the liver disease, trauma incident to the 
taps, inflammation of the peritoneum, previous paracentesis, the 
state of nutrition of the subject, previous treatment and other 
variables must be considered. The following table shows the 
~elative pla~ma ascitic fluid levels as measured by Layne and 
Schemm (202). 
0 
G 
0 
TABLE I 
Chemistry of blood plasma and ascitic fluids in 
patients with portal cirrhosis 
(from Layne and Schemm (202)) 
Sourc.e Urea :VT Chlorides C02 Proteins g% 
mg% mg% Vol% Total Albumin 
Plasma 19 544 49 6.98 
Ascitic 
fluid 17 577 49 2.57 
Plasma 36 577 40 4.37 2.36 
Ascitic 
fluid .42 537 41 3.59 1.54 
Plasma 27 528 43 5.90 2.9 
. 
Ascit:ii.c 27 594 44 2.09 1.09 
-·''Jfiaid 
Plasma 24 478 38.7 4.65 2.02 
Ascitic 
fluid 36 511 29.3 1.39 0.62 
:Plasma 15 544 7.1.9 6.01_ 4.0 
Ascitic 
fJ!uid 13 628 3.05 1.05 
11 
Globulin 
2.0 
2.05 
3.0 
1.0 
2.63 
0.77 
2.01 
2.0 
0 
12 
The following list of average values will be of importance 
in our understanding the data that have been collected. 
TABLE II 
Average normal portal vein pressure 
Average cirrhotic portal vein pressure 
Normal blood flow through liver 
Plasma colloid osmotic pressure normal 
Plasma colloid osmotic pressure 
cirrhotics 
Ascitic fluid colloid osmotic pressure 
(in cirrhotics) 
Plasma sodium (normal) 
~lasma sodium (untreated cirrhotics) 
80-120 mm H20 
300-600 rnm H20 
1500 co/minute 
ave. 375 rnm H2o 
25-175 rnm H20 
136-145 milli-
equivalents/liter 
121-138 milli-
equivalents/liter 
B. Frognosis in cirrhosis with ascites 
The development bf ascites in cirrhotics has long been re-
garded as a serious prognostic.sign. Austin Flint (120) in 1863 
reviewed 46 cases of hydroperitoneum which were thought to be due 
to cirrhosis of the liver. Twenty-four of these patients had 
died of the disease. The length of life from the onset of the 
appearance of the extracellular fluid varied from six weeks to 17 
months. In 16 of the patients the average duration of the dis-
ease was five months. Chapmen, Snell and Rowntree (320) reviewed 
0 
Q- the literature and compiled the following data: 
TABLE III 
Expectancy of life after onset of ascites as given 
by various authors 
{abridged from Chapman, Snell and Rowntree) 
13 
Au.. thor Cases A~erage duration of 
life after onset of 
ascites 
White 12 (paracentesis 
per:t:ormed) 63 days 
10 (no paracentesis) 60 days 
Thacher 7 35 days 
Ramsbottom 31 188 days 
Nissen 26 (paracentesis performed) 45 days 
25 (no paracentesis) 32 days 
Flint 16 150 days 
In their paper Chapman and coworkers reviewed 112 cases, 84 of 
whom had died at the time, and 28 of whom were living. Of those 
who died, 16 months was the average length of life after the 
appearance of the ascites. 
. 
In 1944 Fleming and Snell (119) reviewed a larger series of 
patients. 
nThe average duration of life for the 158 patients who 
died after the onset of ascites was 12. 9 months. n 
14 
a 
cz~ (These latter authors noted that of 200 cases, 194 had clinical 
evidence of ascites. The remaining 6 had fluid that was later 
a prominent symptom or was noted at operation). 
Although it is still stated in the literature that the 
appearance of ascites forecasts a bleak future, this is true only 
in untreated cases. Chester Jones (169) in 1950 stated: 
"The experience of recent years has convincingly shown 
that not only is ascites frequently completely reversi-
ble, but if reversed, may have been entirely lacking 
in prognostic significance. On the'other hand, irre-
versible ascites undoubtedly is associated with a 
relatively short survival time, but all therapeutic 
measures, including an adequate diet high in protein, 
a low sodium regimen, the use of diuretics, and at 
times of human albumin, must be utilized before in-
dulging in false pessimism regarding the future of the 
patient. TJ 
In order that we do not lose sight of the fact that ascites 
is a physical abnormality that one might observe in many disease 
entities other than cirrhosis we have taken from Bockus (38) the 
:following comprehensive list that demonstrates how universal the 
finding is. Since the ascites of cirrhosis is the most complex 
in origin, if we have a basic understanding of that phenomenon 
we can easily understand the ascites present in the other condi-
tions. 
,. 
T'ABLE IV 
List of diseases which may cause ascites 
(Bockus (38)) 
I. Diseases of heart and blood vessels 
1. Cardiac decompensation - regardless of cause 
2. Constrictive pericarditis 
3. Pericardial effusion 
4. Pulmonary arteriosclerosis 
·5. Pulmonary embolism 
6. Aneurysm of abdominal vessels 
7. Thrombosis or obstruction o~ inferior vena cava 
II. · Diseases of liver and portal venous system 
1. Cirrhosis of the liver 
2. Syphilis of the liver 
15 
3. Thrombosis of portal vein, splenic vein, or hepatic artery 
4. Tumors or enlarged glands in porta hepatis with extrinsic 
pressure on the portal vein 
5. Cysts and tumors of the liver 
III. Diseases of the peritoneum 
1. Acute suppurative peritonitis 
2. Simple chronic peritonitis 
3. Hyperplastic peritonitis with perihepatitis 
4. Tuberculous peritonitis 
5. Peritoneal carcinomatosis 
6. Ousts of the peritoneum 
IV. Diseases of the kidneys 
1. As part of generalized anasarca in nephritis with associated 
oliguria and anuria 
2. Secondar.y to heart failure induced by renal disease 
3. Lipoid nephrosis or the nephrotic stage of glomerulonephritis 
resulting in hypoproteinemia 
4. Malignant lesions of the kidney invading inferior vena cava 
·5. Polycystic disease 
V. Diseases of female reproductive organs 
1. Hemoperitoneum due to ruptured ectopic pregnancy, ruptured 
graafian follicle cyst, etc, 
2. Malignant tumors 
3. Ruptured and unruptured cystadenomas 
4. Meigs' syndrome 
VI. Diseases of lungs and mediastinum 
1. Pulmonary fibrosis 
2. Pulmonary emphysema 
3. Mediastinal adhesions and tumors 
4. Primary and secondary tumors of lungs and pleura 
VII. Diseases of the blood 
1. Anemia - primary or secondary 
2. B'locrd dyscrasias: leukemia, aplastic anemia, etc. 
VIII. Diseases of lymphatic system 
1. Lesions of lymphatic vessels and nodes of peritoneum and 
1 mesentery 
2Jnjury, disease, or obstruction of receptaculum chyli or 
thoracic duet 
3. ymphomas 
IX. Rupture of hollow viscus (stomach, intestine, urinary 
bladder or gallbladder) 
X.· Nj!tritional deficiency states (hypoproteinemia, avitaminosis) 
XI. Generalized wasting diseases 
·o 
e 
IV. PORTAL HYPERTENSION AS RELATED TO ASCITES IN CIRRHOSIS 
"Obstructions of the circulation through the 
liver, by causing a delay in the passage of 
the blood through the veins connected with 
the venae portae, give rise to ascites." (219) 
Richard Bright, 1827 
"It is unquestionable that as the enlargement 
and dia'organization of the liver advanced, the 
quantity of fluid effused into the abdominal 
cavity became more redundant. The circulation 
of the blood through the venae portae and the 
inferior vena cava·must have been impeded •• 
An excess of fluid would be deposited in the 
abdominal cavity from mere congestion of the 
blood • • • The scirrhous state of the liver 
also contributed to this effect •• Neither 
healthy chyle nor healthy blood could be 
prepared under these circumstances.n (285) 
. 
M0i€g~~·ntY-, 1822 (from Ratnoff and :Patek) 
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A. Introd~ction 
In this paper, we shall attempt to stress the rel~tionship 
between the £~ndamental morphologic and physiologic factors 
wherever possible. Therefore, £or one to understand whether 
cirrhosis can produce severe portal hypertension and that in 
·t~rn the trans~dation of £1uid through the capillary membrane, 
one must be familiar with the normal anatomy and the normal 
physiology of the hepatic circulation and the abnormalities 
that take place in this circulation when cirrhosis occurs. 
B. Hepatic Circulation 
The liver dif~ers from most other organs of the body in 
that it has both an arterial and veno~s inflow of blood. Hall 
(220) tells us that in '1832 Weber demonstrated how the liver 
lobules received different amounts of blood. Kiernan in 1833 
described the liver lobules in detail and also defined their re-
lation to the vascular system. Wakim (359) in his review of the 
literature says that Hyrtl in 1864 was the first person who noted 
that the terminal branches of the hapatic artery do not form a 
capillary network of their own but empty into a large capillary 
network of the portal vein. 
1~11 (220) in 1906 noted that 75 per cent of the defibrinated 
blood injected into an artery emerged from the portal vein and 
25 per cent from the hepatic artery. He therefore believed that 
the hepatic artery has free communication with the portal vein. 
Herrick (152) in 1907 perfused the livers of humans at autopsy. 
0 
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When fluid was passed through the portal vein, it returned from 
the hepatic vein; when it·was passed through the hepatic artery, 
it returned from the hepatic vein and portal vein. Burton-
Opitz (61) in 1911 also noted that fluid introduced through the 
hepatic artery left through the portal vein and that 75 per cent 
of the blood to the liver was derived from the portal vein. 
As Mcindoe stated in 1928, the liver first receives the por-
tal vein which is made up of a massiv~ system of vessels that 
divide without anastomosis through five or six orders until the 
sinusoids are reached. The portal veins give rise to supralobu-
lar vessels that branch to the interlobulars and finally empty 
into the sinusoids. The central vein of the hepatic lobule 
drains the sinusoids, then runs into the intercalated or sublobu-
lar veins which enentually unite and form the collecting veins. 
These run together and form the right and left hepatic veins which 
empty into the inferior vena cava. In some instances the collec-
ting veins may empty directly into the inferior vena cava. For 
this reason, and also since it is difficult surgically to reach 
the hepatic veins, in many of the experiments in which it was de-
sired to produce ascites experimentally the inferior vena cava was 
constricted above the diaphragm instead of the inaccessible hepa-
tic veins. 
Mc~lichael (237) in 1932 said that the portal vein and hepatic 
artery are linked in the portal spaces by capillary and arteriolar 
systems. The anatomy of the portal system and its tributaries has 
come into greater prominence since the introduction of portacaval 
anastomosis for the surgical relief of portal hypertension. The 
0 
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subject is well reviewed by Douglass (89). 
. - . 
ThfucLeod and Pierce (218) in 19~4 determined that the portal 
flow supplies about 60 per cent of the blood to the liver. Mc-
I\richael (238} in 1937 showed that the liver of the cat derives 
about 2/3 of its blood from the portal system. The most recent 
work, though, as carried out by Knisely (183), Mann (222) and 
others demonstrated that the relative amount of blood that the 
liver derives from the portal vein and the hepatic artery is 
highly variable, and that at times almost the whole blood supply 
of the liver might· arrive first from the hepatic artery, then 
from the portal vein. 
Knisely (183) in 1939 introduced the transillumination 
technique and stated that the afferent hepatic arterioles and por-
tal venules are contractile, so that either mixed blood or pure 
blood from one source might enter the sinusoid. Wakim and nann 
(3,59) in 1942 stt1die.d the arterial and venous blood supplies of 
the liver by means of a quartz-rod transillumination technique. 
They saw that the circulation was variable and intermittent and 
that 75 per cent was ordinarily inactive, thus demonstrating the 
great functional reserve capacity of the liver. On the whole, 
one might generalize that the liver relieves about 75 per cent 
of its supply (average 1500 co/minute) from the portal vein and 
25 per cent from the hepatic artery. 
As far as the hepatic artery is concerned it runs close by 
the portal vein. It sends off branches that nourish the connec-
tive tissue and eventually drain into the sinusoids. is-•·n'bted 
there are varying reports in the literature as to .whether the 
artery has any direct anastomoses to the portal branches./ 
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Mcindoe (229) stated that the hepatic artery has branches (1) to 
the connective tissue; (2) that end in the sinusoids at the peri-
phery of the portal spaces directly; (3) that anastomose with 
the internal mammary, ~hrenic and other vessels over the capsule • 
. Andrews, Uaegraith, and Wenyon in 1949 (10) 1 while studying 
the circulatory changes in centrilobular hepatic lesions, re-
ported upon the microanatomy of the hepatic circulation by the 
use of neoprene latex and india ink techniques. They felt that 
the portal venous and the hepatic arterial circulations do not 
have direct connections with the hepatic venous circulation ex-
cept through the sinusoids. They found no evidence that the hepa-
tic arteries and the portal veins anastomose in the portal tracts 
though they described a network of vessels that suggests that the 
blood reaching the lobule is mixed arterial and venous. 
Knisely found that the hepatic artery supplies the blood by 
a number of specific routes: (a) arteriovenous anastomoses proxi-
mal to the sinusoids; (b) arterial terminals emptying directly to 
' 
the sinusoids; (c) arterial branches emptying into the radicles of 
the portal veins pmoximal to the sinusoids. Of course, if this is 
true it would be possible that an incr'ease in the arterial flow 
(as some believe may occur in cirrhosis) might contribute to por-
tal hypertension. At any rate it is fairly evident that there is 
arterial and venous admix~ure before the blood enters the sinus-
aids. 
11Icindoe (229) stated: 
nthe liver contains two huge venous trees dove-
tailing into each other so regularly and exactly 
that no two vessels come in contact and all the 
-0 
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terminals are the greatest possible distance 
from each other. The intervening space is 
occupied by hepatic ~ells. By this means the 
maximal amount of portal blood in its path to 
the hepatic vein is exposed to as much of the 
parenchyma and for as long as possible. 
Circulatory Alterations in the Cirrhotic Liver 
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It has long been known and accepted that there is a marked 
vascular deformity in cirrhosis of the liver. There have been 
several workers who believe that in cirrhosis, despite the dis-
turbed circulation, the liver actually has an increased circula-
tory capacity, while the work of others demonstrates a decreased 
hepatic flow. Is the disturbance in the circulation associated 
in any way with portal hypertension and ascites{ Mayo (225) said 
in 1924 that ascites is the enu result of vascular interference at 
the liver. 
·fiT he blood. :pressure in the portal vein is about 
30 mm, in the general circulation about 130 mm, 
and the back pressure on the portal circulation 
in portal cirrhosis is undoubtedly increased by 
arterial counter-pressure.n 
Andersorl~ln 1948 said, 
nportal cirrhosis is characterized by marked 
alteration of the architectural pattern of the 
liver. The normal lobular arrangement of the 
liver become~ diffusely and completely distorted 
by irregular degeneration and destruction of 
hepatic cells, accompanied by fibrosis and irre-
gular regenerative hyperplasia of hepatic cells 
and bile ducts. In addition to disturbances of 
various functions of the liver, there is obstruc-
tion of portal blood channels in the liver, with 
chronic passive hyperemia of tissues drained by 
the portal circulation. This results in disten-
sion of collateral channels of venous return 
which by-pass the liver, some of which may rupture 
and result in fatal hemorrhage. The obstruction to 
portal flow is the main factor in the causation of 
ascites in cases of cirrhosis.n 
0 
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Let us examine the studies that have been carried out 
starting with the work of Kelly in 1905 (1?7) who reviewed the 
:pathological changes that take :place in cirrhosis; With the 
degeneration of the liver cells the framework of the lobule col-
lapsed and the ensuing fibrosis helped to obstruct and obliterate 
some of the interlobular and intralobular branches of the :portal 
veins. However, even at this early date Kelly realized that this 
was not the sole factor in the :production of ascites, but merely 
noted that there were circulatory factors associated with a re-
duced :portal flow and increased hepatic arterial supply. 
Mcindoe in 1928 (229) injected under :pressure various mater-
ials into the hepatic artery and :portal veins, :permitted them to 
harden and then digested away the :parenchymal tissue. His models 
:plus the more recent ones of Kelty (178) show quite conclusively 
that portal cirrhosis does affect the blood vessels of the liver. 
Through the various stages of injury and in~flammation, the 
hepatic cells undergo degeneration and necrosis followed by a 
collapse of the sinusoids and the reticular framework. When the 
regenerative processes appear, the sinusoids and reticulum both 
are pushed towards the periphery. Through this .course of events 
there is rrsimplification, reduction and distortion of both ar-
terial and portal venous radicles, in contract to the 
complex and massive arrangement of the innumerable 
interwoven vessels of the normal n ( 46) 
Thus the injection-maceration technique of Ucindoe demonstrates 
an actual decrease in the number of patent branches to the hepa-
tic tree. 
In addition>he saw that the hepatic cells became separated 
from their portal blood supply and the hepatic' artery began to 
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noQrish more and more of the tissue. lie believed that the signs 
and symptoms of liver insufficiency came about primarily when 
there was a cellular deficiency, but actually when the hepatic 
arterial flow was so occluded that the parenchyma could not 
function adequately. The sclerotic tissue and the fibrous bands 
were the major factors that tended to dissociate the hepatic ar-
terial and the portal venous ~low. 
His perfusion experiments showed that the probable pressure 
was 10-20 mm Rg at the portal vein in cirrhosis and that 86-100 
per cent of the fluid passed directly through the collateral cir-
culation. Thirteen per cent was the maximal amount recovered from 
the hepatic vein (as opposed to 100 per cent in normal livers). 
Thus,in advanced cirrhosis)there is practically an Eck fistula 
between the portal blood and the inferio~ vena cava, and the 
functional blood ~low to the liver is very much reduced. Mcindoe 
believed that nthe ascites is considered to be associated with a 
lack of balance between the progressive sclerosis 
of the intrahepatic portal radicles and the rate 
o~ development of the collateral pathways, while 
hepatic insufficiency is more closely related to 
the subsequent obliteration of the persistent ar-
terial connections. n 
Most workers have agreed with Mcindoe that the major element 
in the compression of the vascular system is the fibrous tissue. 
Recently, however, evidence has been presented by Kelty (178) 
that a major factor is the growth of the regenerative nodule that 
exerts expansive force on the connective tissue and vessels, which 
have only a static or passive role. With the aid of a three-
dimensional ink-glass plate reconstruction, a wax model was con-
structed. The model duplicates a small portion of a large block 
of tissue obtained from a nodular cirrhotic liver. 
e 
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Examination of the wax models showed that there were de-
fects in the walls of the veins re~resenting actual displacement 
of the wall tov~rds the vessel lumen. This distortion of the 
vascular wall is the result of pressure from the adjacent re-
generative n~dules, that not only altered the course of the vein 
but also encroached ort its lumen. Kelty assumes that the increase 
in the tissue tension caused by the growth of the regenerative 
nodules is largely responsible for the intrahepatic vascular de-
rangement in cirrhosis of the liver. Since the integrity of the 
regenerating nodule is dependent upon its blood supply (mainly 
arterial blood} the organism will function well as long as it is 
adequate to support all the metabolic needs; hepatic failure will 
oca·ur when there is intrahepatic vascv_lar insufficiency. 
- l36~) I 
Kelty believes tha~ the work of Warren and WahiAin 1947 sup-
ports his thesis. They found that the amount of fibrous tissue in 
cirrhotic livers averaged from 3.5 per cent to 23 per cent by dry 
weight (as compared to the normal livers 0.8 - 2.8 per cefit). Kelw 
states that that amount of fibrosis could not obstruct the circu-
lation as seriously as is found in cirrhosis. This work is impor-
tant since it shifts the· emphasis from the destructive phases of 
portal cirrhosis to the regenerative phases and adds to our under-
standing of the circulatory disturbance. 
It would seem to be fairly clear at this point that one would 
expect nn anatomic grounds alone that the hepatic blood flow is r~ 
ddced in cirrhosis. However, if we return momentarily to the work 
of Herrick in 1907 (152) we shall see that he discovered that the 
postmortem hepatic artery may be perfused with saline more easily 
in the cirrhotic than in the normal liver. He measured (Table V) 
e 
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the effects of the portal pressure changes on the arterial 
pressure and vice-versa. 
TABLE V. (Herrick, 1907 (152)) 
Measurements in mm Rg 
Arterial Pressure 
0 
30 
50 
100 
130 
150 
Portal Pressure 
5 
30 
40 
10 
Portal Pressure 
Normal Liver 
10 
10 
10 
11 
12 
14 
Arterial Pressure 
Normal Liver 
130 
130 
135 
127 
Portal Pressure 
Cirrhotic Liver 
10 
15 
18 
20 
30 
35 
Arterial Pressure 
Ctirrhotic Liver 
130 
135 
140 
133 
· The rise in the portal pressure of the cirrhotic liver as 
compared to the normal liver is much greater as the arterial 
pressure increases. Rerrick suggest~d that these findings might 
be explained first by the fact that since the cirrhotic liver had 
an increased fibrosis and an increased arterial supply to the 
fibrous tissue?more fluid would pass through the arterial capil-
laries, enter the portal venules and raise the portal pressure; 
also that the fluid flowed more freely through the arterial capil-
laries to the portal veins. 
Herrick was able to demonstrate that by forcing fluid through 
the hepatic artery alone and collecting the fluid through the open 
hepatic vein and portal vein that the portal flow was much less 
. . 
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• than the hepatic venous flow in the normal liver whereas in the 
cirrhotic livers the f.low was always greater. 
Therefore, he concluded that there is no obstruction to the 
portal vessels from fibrosis in the large cirrhotic liver; that 
there is a direct communication between portal and arterial blood 
eurrents; and most important, that the factors that contribute 
to the increased portal pressure in cirrhosis are (a} the direct 
communication of the arterial vessels to the portal vessels 
through the dilated capillaries and (b) the larger flow vol~e of 
the hepatic artery in proportion to the portal flow in cirrhosis 
-
as compared to th~ normal liver. 
Very little work was carried out until we come to the studies 
of Mcindoe (already mentioned} which do not agree with those of 
Herrick (it appears to the present writer that the techniques and 
controls of Mcindoe are more refined and accurate than the earlier 
worker). Then we proceed to the studies of Dock in 1942 (86}. 
He perfused normal and cirrhotic livers at a pressure of 30 mm Hg 
at the portal vein and 160 mm Hg at the hepatic artery. He found 
in these postmortem livers (as had Herrick} that there was a de-
creased arterial resistance to perfusion with oil in the livers 
with alcoholic cirrhosis but not in other types of the disorder. 
Dock found that the rate of perfusion through the portal 
vein dropped one third when the pressure in the hepatic artery 
was raised from 0 to 100 mm Hg during a double perfusion with 
oil, with a portal flow at 20 mm. In the livers of cirrhotics 
the fall was 7.8 per cent when a flow of 100 mm was established 
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tt at the hepatic artery. In many of the cirrhotic livers they 
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even noticed decreases in the perfusability when the arterial 
pressures were o. rre interpreted the ~esults as confirming the 
work of Herrick which demonstrated deranged portal-hepatic ar-
terial blood flow ratio in cirrhosis. His final determinations 
showed that the total portal and hepatic flow was 2420 ccfminute 
in the normat livers; 1880 cc/minute in the non-alcoholic cirrho-
tics; 2270 in the chronic alcoholics with cirrhosis; and 900 cc/ 
minute in the fatty livers of the alcoholics. He noted that the 
normal portal-arterial ratio is 1.34 but that it drops to 0.21 
in chronic alcoholic cirrhosis. Thus Dock concluded that the 
rise in the portal pressure is due to the decreased portal bed 
of the liver; that in the alcoholic cirrhotics the portal hyper-
tension would be less if the arterial inflow were lower; and that 
the hepati~ arterial bed has an increased perfusability. This 
was presumably due to the development of numerous arteriovenous 
fistulae which he compared to the spider angiomata in the skin of 
cirrhotics. The hyperplastic circulatory bed that was so typical 
of alcoho~ic cirrhosis was not found in the other typ~s. 
He felt that his work was confirmed by the studies of Cohn 
who observed the portal pressures of four cirrhotics at laparotomy. 
On occlusion of the hepatic artery for a short time the portal 
pressure fell 21-29 per cent (7-11 mm water). During the opera-
tion the systemic arterial pressure was low so that the effect was 
less than it would have been at normal levels of pressure. (How-
ever after the occlusion of the hepatic artery the portal pressure 
did not fall to normal in any of these cases so that the arterio-
venous fistulaewere certainly not the sole cause of the portal 
hypertension). 
~8 
Recently, with the advent of fairly safe methods of cathe-
terization of the large veins as introduced by Cournand (75) the 
blood supply of the liver has come under more direct investiga-
tion. Studies by Bradley and coworkers (45, 46 1 50, 51) using 
bromsulfalein (BSP) have been carried out since BSP is removed 
from the blood stream almost exclusively by the liver. They 
employed the Fick principle (here they divided the calculated 
rate of removal of BSP by the difference between the hepatic 
venous and the peripheral arterial (or venous) blood) and.ob-
tained a value close to the hepatic blood flow which they termed 
the estimated hepatic blood flow (EHBF). 
Their studies do not support the contention of Dock·that the 
arterial flow is greater in the alcoholic cirrhotics than in the 
non-alcoholic cirrhotics (assuming that the normal hepatic blood 
flow is 1000-2000 co/minute). They noted that in general the 
blood flow of the cirrhotics tended to be low or low normal and 
that there was an increased hepatic oxygen arterial-venous dif-
ference. In a preliminary report it was stated that of 17 cirr-
hotics/7 had blood flows of less than normal; 7 were in the nor-
~~ 
mal range; and 3 had~EHBF that was above normal. 
In a review of the subject, Bradley (46} stated that in the 
50 normal resting subj~cts measured, the EHBF varied from 950 -
1840 cc/minute/1.73 sq. meters of body surface, with an average 
of 1490 ccjminute (i.e., about 25 per cent of the cardiac output). 
Re and coworkers also demonstrated (what Pick and others earlier 
believed) that the liver as well as the kidney plays a major 
homeostatic role by its shunting of the blood to the vital region~ 
29 
Those authors point out that the values of EHBF are subject 
to error in a direction that would give falsely high results since 
in all the cases studied but one there was a depression in the 
ability of the livers to remove the BSP. Therefore, their low 
values are truly significant and indicative of an actual reduc-
tion in the blood flow. 
It was not known whether the decreased BSP excretion was due 
to arteriovenous shunts, perfusion of a large amount of non-func-
tional fibrous tissue, or a failure on the part of the functioning 
liver cells to remove the dye. In another report, Groff, Baldwin 
and Bradley (138) noted that the hepatic arteriovenous oxygen 
-
difference appears to be a function of the blood flow (normal 
arteriovenous difference was found to be 3.4 ml/100 cc (range 2.5-
4.5 ml/100 cc)). Thus the flow through the liver differs from 
that through the kidney where the oxygen arteriovenous difference 
remains within narrow limits despite wide blood flow fluctuations. 
In cirrhosis the increased hepatoportal 02 excretion was due to a 
more sluggish flow of the blood through active tissue. 
Thus, they concluded that on a functional basis there is a 
decreased hepatic Dlood flow due to the increased vascular resis-
tance and a relative ischemia is produced in cirrhosis. The fi-
brosis impedes the blood flow through the liver and the obstruc-
ted flow may exaggerate the fundamental parenchyma~ lesions; the 
elevated portal pressure is due to the obstruction. 
It is clear that there is definitely a gross disturbance in 
the hepatic circulation in cirrhosis. The work of Herrick and 
Dock notwithstanding
1
it appears to this writer that the careful 
• J 
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anatomical demonstrations of Ucindoe and the funational studies 
of Bradley show that the total vascular bed is reduced at least 
from a functional point of view. There are also vast rearrange-
ments in the structure of the major and minor vessels that enter 
and leave the liver. There is a aertain amount of mixing of the 
arterial and portal venous blood before the sinusoids are reached. 
Due to the various changes that take place1 the parenahymal cells 
become more and more dependent upon the hepatic arterial blood 
flow for their nourishment, and it is possible that as the arter-
ial flow inareases the portal hypertension increases with it. 
The major factors concerned in the production of portal hyper-
tension appe~r to be (1) the impeded ciraulation due to the in-
areased amount of fibrous tissue and the constantly regenerating 
hep·atia lo-bules that compress the vessels of the liver; (2) the 
increasing hepatia arterial supply of blood to the liver due to 
connections with the portal veins may also contribute. 
~ We have now aonsidered in a general manner the normal hepatia 
ciraulation and the circulatory changes that take place in cirrho-
sis. Therefore, it seems appropriate (even thot:tgh there may be 
some overlapping of material) that before we turn m the specific 
experiments dealing with portal h~pertension and its relation to 
ascites that we spend a few moments considering the various ex-
perimental and pathological findings that have accumulated in the 
literature regarding the specific vessels that supply the liver. 
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D. Portal Venous FlovT to the Liver 
MacLeod and Pierce (218) in 1914 found that by clamping the 
portal vein they could reduce the blood supply to the liver by 
2/3 1 thus confirming the earlier experiments carried out by Burton-
Opitz. They also felt that the portal vein has vasoconstrictor 
nerve fibers to it since the administration of adrenalin caused 
a decrease in outflow. 
Rous and Larimore (294) in 1920 reviewed the literature and 
reported on the relationship between the portal blood flow and 
liver maintenance. Although scattered reports of liver damage 
after obstruction to portal vein had appeared in the literat1~e 
the prevailing view was that portal obstruct·ion led to few 
changes in experimental animals or man unless the pressure was 
very low in the hepatic artery or high in the vena cava due to 
upset circulatory dynamics. Those authors noted, though, that 
there was a progressive and complete atrophy of the parenchyma in 
the region deprived of its portal blood, with a hypertrophy of 
the unaffected regions. 
It is also. known that if sudden or complete occlusion of the 
portal vein should occur the patient or the experimental animal 
may die within a very short space of time. Solowieff (156) in 
1875 was the first to point this out. McMichael (238) in 1937 
noticed the relationship between the oxygen supply and the re-
sulting lesion in the hepatic parenchyma when there is a partial 
occlusion of the portal vein. Whether or not the experimental 
~ animal or man wi,ll develop a lesion when the portal blood is cut 
off depends upon the dependence of that portion of the liver on 
the portal vein for its oxygen. 
However, as far as we are concerned, portal thrombosis or 
chronic sclerosis is of relatively minor importance in human 
cirrhosis as a causative factor for the portal hypertension 
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and ascites. Earlier workers and recently Volwiler, Bollman and 
Grindlay (357) showed that complete ligation of the main portal 
vein in dogs does not result in ascites. Gradtlal occlusion of the 
portal vein also does not cause the appearance of ascitic fl~id. 
E. Hepatic Brterial Flo~-to the Liver 
Whipple in 1909 (377) ligated the hepatic artery in dogs and 
stated that the liver cells were hardly damaged. However, his 
autopsies w~re carried out only a ver,y short time after the liga-
tion, the operation was not always a complete success, and he did 
notice that necrosis took place in a few of the cells. Kershner 
(180} recently stated that the hepatic artery was of little imp-
ortance in supplying the liver, while Barcroft and Shor~ (20) in 
~912 said it was its main source of blood. MacLeod and Pierce in 
1914 (218) showed that if the hepatic artery were occl~ded, the 
outflow from the liver was decreased about 30 per cent. 
As already pointed out, M~cindoe in 1928 attempted to dupli-
cate the experiments of Herrick, and failed to do so. He believed 
that his negative results did not give any credance to the idea 
that an increased hepatic arterial head of pressure combined with 
a low pressure head from the portal vein could produce back pres-
sure down the portal vein and add to ascites. He tho'ught that the 
ascites could be explained mainly on the physical basis of porta-
hepatic venous obstruction. 
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Then in 1932 McMichael (237) on the basis o~.~unctional ex-
periments carried out with adrenaline and pituitary extract came 
to the conclusion that there must be a communication between the 
hepatic artery and the portal vein be~ore they end in the sinus-
aids. In 1935 Steinberg and Martin carried out thorium dioxide 
injection and X-ray photograph!c studies on animals with experi-
mental cirrhosis produced by butter yellow. The dye was con~ined 
largely to the vessels in the surrounding ~ibrous tissue while 
in the normal liver there was a homogeneous opacity showing that 
the dye was distributed evenly through the sinusoids. 
We may conclude that i~ the hepatic artery is occluded there 
will occur hepatic necrosis and scarring o~ the liver. In man, i~ 
there is chronic hepatic arterial disease, there is, usually an ade-
quate reserve of collateral vessels to take care o~ the areas that 
the main artery served. Occlusion o~ the hepatic artery is not 
associated with ascites. 
F. Interrelation o~ Portal Venous and Hepatic Arterial Blood 
Supply o~ the Liver 
From what has already been said we can see that there are 
many con~licting reports in the literature as to the connection 
between two sources o~ blood to the liver, and whether the artery 
' may contribute. to portal hypertension and ascites. We have exa-
mined the problem ~rom the anatomic and physiologic point of view 
and pointed out that in the normal human liver about 75 per cent 
o~ the blood is derived ~rom the portal system and 25 per cent 
~ ~~om th~ hepatic artery. The extreme variability in the amount 
o~ blood that each of these may supply at any one moment has been 
noted. 
' . 
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In l863 1Betz (26), working in the laboratory of Ludwig, 
attempted to determine whether the amount of blood that entered 
the liver through the hepatic artery and portal veins depended 
upon their relative pressures. If that were true,a very high ar-
terial pressure with a large volume of blood mould exclude the 
portal flow. His method of study was to inject dog livers and 
compare the relative sizes of the vessels. He concluded that the 
relative volume of flow of the artery and portal vein was 1 to 2 
or 4 when the vessels flowed at different times, and 1 to 50 when 
the vessels flowed at the same time. 
Further work was carried out by Gad (126) in 1873. Re believm 
that the arteries of the liver had a dual function; that of bring-
ing in oxygen and that of mechanically controlling the portal flow 
(in part by an aspirating action as the arteries passed in at an 
acute angle to the portal veins). 
We have already mentioned the work of Herrick, of Hcindoe and (137) .. 
of Bradley. Grindlay, Kerrick and nann in 1941 measured the blood 
f~ow through the livers of dogs by the thermostromuhr method. i.e., 
they measured the flow in the hepatic artery, portal vein, thora-
cic inferior vena cava having ligated the abdominal vena cava. 
TABLE VI 
(Grindlay, Herrick and l1ann (137)) 
Under anesthesia 
hepatic artery 
portal vein 
inferior vena 
. cava 
44.6-163 cc/minute 
105-505 cc/minute 
252.4-620 cc/minute 
After recovery 
33.6-65 cc/minute 
206.5-473.9 cc/minute 
368-507.5 cc/minute 
c 
c 
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There was a low portal flow under anesthesia which was accom-
panied by a high hepatic arterial flow. 
Eddy in 19i$ (96) stated that in cirrhosis there is an intra-
hepatic block and that the portal hypertension present is largely 
dependent upon the pressure in the hepatic artery. In fibrotic 
livers he saw that the pressure rose far more readily with in-
creases in the hepatic arterial pressure than in the normals. 
From this evidence and that presented earlier in the paper we 
certainly may believe that an increasing hepatic arterial supply 
can contribute to portal hypertension and ascites. 
" G. Repat~c Venous Blood Flow from the Liver 
Balton in the early 1900's was one of the earliest to con-
strict the inferior vena cava above the diaphragm. By means of 
this procedure he could produce portal hypertension and abundant 
ascites within 24 hours. However, the ascites was transient and 
disappeared in a few months when an adequate collateral circula-
tion v~s set up. Bolton also demonstrated that when there is a 
partial obstruction to the hepatic vein there occurs a necrosis 
of parenchymal cells followed by a fibrosis that is especially 
severe about the central veins. This may well be compared to the 
livers seen in chronic constrictive pericarditis, congestive heart 
failure and obliterating endophlebitis of the hepatic veins 
(Chiari's syndrome). 
Whipple and Sperry (377} in 1909 also produced ascites by 
. 
constriction of the supradiaphragmatic inferior vena cava. Kersc~ 
ner (180), Simonds and Brandes (316), Simonds and Jergensen (317), 
and Volwiler, Bollman and Grindlay (356) all reported on similar 
I 
I 
I 
~~ 
experiments, in which constriction of the hepatic veins or in-
ferior vena cava above the diaphragm producea ascites or edema. 
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It appears that the most important consideration in the production 
of portal hypertension is related to the intrahepatic obstruction 
and back pressure. 
R. Relationship between Portal Pressure and Ascitic Fluid 
Accumulation 
If we were to summarize the multitude of evidence at hand and 
reduce it to its simplest terms we would find that there is very 
little exact know~edge of the true relationship that exists betwem 
portal venous pressure and the production of ascitic fluid. The 
evidence does not lead one to believe that portal venous pressure 
alone can account for the ascites of cirrhosis and as so many in-
vestigators have pointed out may best ~e considered as the essen-
tial localizing factor in the accumulation of the asc~tic fluid. 
We shall now consider the evidence as gathered by direct and in-
direct studies on the portal venous pressure·in humans, and by 
animal experimentation. 
I. Studies on Venous Pressure in the Portal Veins of Humans 
Banti (according to Whipple (374)) noted that the third stage 
of th~s syndrome_ names in his honor, which involved portal hyper-
tension was associated with ascites. Mcindoe in 192B showed that 
the portal pressure for perfusion of the postmortem livers of cir~ 
hotics with ascites was increased. 
Villaret and Desoille (355) in 1932 pointed out the importanoo 
of comparative determinations of the venous pressure in both the 
arms and legs when anything presses on or obstructs the inferior 
3'7 
vena cava. They showed that in ascites the pressure in the leg 
veins is increased while that in the arm veins is normal. Smirk 
(319) in 1936 noted that there was a general increase in the 
venous pressure in six patients with cirrhosis, four of whom had 
ascites, none had peripheral edema. 
The pressure in the splenic vein and the portal vein of man 
is approximately equal. Therefore 1 in 1937 when Thompson, Caughey, 
Whipple and Rousselot (343) measured the splenic vein pressures 
of cirrhotics they were the first to give us a direct demonstra-
tion that there was hypertension in the portal systems of the 
patients with L~ennec's cirrhosis and splenomegaly. In five of 
seven cases the pressure was 325 mm of saline br greater co~pared 
to 19 of 20 controls who had pressures of less than 300 mm. 
F·erris and Wilkins (115) in 1937 also reported on the value 
of the comparative venous pressure measurements in the arms and 
legs. They noted that when ascitic fluid was withdrawn there was 
a fall in the femoral venous pressure while that of the antecubi-
tal veins was not affected. They concluded that the femoral veno~ 
pressure was directly related to the ascitic fluid pressure. When 
~hey withdrew fluid by paracentesis an immediate severe fall in 
the femoral venous pressure was followed by a slower drop that 
paralleled the rate of fall of ascitic fluid pressure. The former 
was attributed to the fall in the tension of the fluid in the ab-
dominal cavity and the latter to the slow decrease in the hydro-
static pressure of the ascitic fluid. They stated nthus in asci-
tes the intraabdominal and femoral venous pressure depend 
in part on the tension of the abdominal wall as well as 
on the actual amount of fltJ.id present. n 
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Burch and Sodeman (58) in 1939 measured the tissue ]ressure 
and then the venous pressure m~ an indirect and a direct method. 
The former method was only slightly in error and the error amonnt-
ed to the di£fer~nce between the indirect and tissue pressure. 
As the venous pressure increases this factor becomes less ana less 
important~ so that many of the later indirect measurements of por-
tal pressure that we shall mention are probably quite accurate. 
Burch and Windsor (57) in 1943 ligated the inferior v.ena cava 
of man below the liver bcrt could c.o·me to no conclusions as to the 
extracellular fluid flow or lymphatic flow. They did not observe 
any ascites but did note that the venous pressure in the veins of 
the dorsum of the foot increased considerably. Perera (274) in 
1946 found at laparotomy in a cirrhotic patient a portal pressure 
of 290 mm H20. 
Biakemore (33) in 1946 reported several cases of portal hy-
pertension in which direct measurements were made at laparotomy. 
In this preliminary report~he stated that the fact that several 
patients were relieved by portacaval anastomosis is a case in 
favor of the role of portal hypertension in the etiology of asci-
tes. However, not all the cases of portal hypertension that he 
observed were accompanied by ascites. In 1947, (34) he said that 
as compared to a norma~ pressure of 100 mm water the portal pres-
sure in 6 cases of Banti•s disease averaged 332,mm and seven 
. 
cases of portal cirrhosis averaged 294 mm water. 
In a review of Chiari 1 s syndrome in 1947, Thompson {341} 
states that there are three main sites for the obstruction. It 
~ may occur in the inferior vena cava, in the hepatic vein itself, 
., ' 
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or in the ostium of the hepatic veins. Ascites is usually 
:present, and when absent clinically is _;.ofte.n~ found at autopsy. 
If ascitic fluid is not present it is :..~-- ~:!.: explained by the 
development of very adequate collateral circulation. 
Levy and Burch (208) made the first study of the pressure 
in the veins of the·collateral circulation of the liver in 1948. 
They used the phlebomanometer with the subjects supine and measur-
ed pressure in the superficial abdominal, antecubital and dorsal 
venous network of the feet. There was a wide range of values for 
normal and abnormal subjects and the average pressure in the ab-
dominal and pedal veins of the cirrhotic group tended to be great-
er before paracentesis than in the normal group. It is interes-
ting to note that although there was a decrease in the pressure 
of the veins of the abdomen and of the feet after the paracenteses 
the final pressures stayed up due to the obstructed portal flow in 
the cirrhotics. The authors concluded that the measurements in 
these collateral veins were too variable to be of diagnostic valu~ 
that the failure of the pressure to rise in some of the cirrhotics 
shows a lack of overloading and adequate parahepatic circulation. 
They stated that the ascites in these patients is probably related 
more to other factors tban to the venous hypertension of the por-
tal system. 
Linton (211) pointed out that in direct·studies made on pa-
tients with extrahepatic lesions and no ascites>the porta~ pres-
sure mgght be quite high as we see in the following table. 
~ 
' 
I 
Case Number 
9 
12 
13 
15 
TABLE 1['II 
(Condensed from Lintou (211)) 
:Patients wit bout ascites 
Portal Pressure as Measured in mm n2o 
490 
230 
345 
420 
', ' 
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Then we have the data collected by :Pattison (272) in 1949 
which demonstrates quite conclusively that cirrhosis, portal 
hypertension and ascites do not necessarily go hand in hand. He 
measured portal pressures directly at operation and assuming that 
the normal portal pressure is 60 - 120 mm water, we can see from 
Table VIII that not all of the cases of portal cirrhosis with asc~ 
tes.had portal hypertension (note case three). Also, in Table IX 
the measurements made on the patients with cirrhosis and no asci-
tes demonstrate pressures in many cases higher than those found 
in cirrhotics with ascites 
Case 
2 
3 
4 
6 
7 
10 
Case 
1 
5 
8 
9 
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TABLE VIII (Abridged from Pattison (272)) 
Portal Venous Pressure as Measured at Operation 
(All patients listed here had portal cirrhosis and ascites) 
(all measurements in mm H2o) 
Preshunt Portal Vein Vena Cava Postshunt Portal 
Vein 
320 
120 
280 
350 
350 
-250 
TABLE IX 
200 
50 
180 
90 
150 
90 
220 
28G 
230 
200 
(Abridged from Pattison (272)) 
Portal Venous Pressure in Patients with Cirrhosis, no 
Ascites 
(Measurements in mm H20) 
Preshunt Portal Vein Vena Cava Postshunt Portal 
Vein 
350 150 
600 120 260 
330 140 170 
400 140 170 
Davidson, Gibbons and Faloon (82) in 1950 carried out a 
4t study similar to that of Burch and Wihdsor. There was a rough 
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correlation between the presence of edema of the lower limbs and 
the femoral vein pressure. They stated that when the blood is 
allowed to move freely in the collateral abdominal vessels, the 
pressure there is the summation of the portal and the negative 
intrathoracic pressure. Therefore, one would expect the pressure 
to become less as one moves from the portal vein to the collateral 
veins. Thus, as measured in the anterior abdominal wall the pres-
sure would not be as great as that of the portal vein. They des-
cribed a new method of portal pressure measurement and discussed 
collateral vein pressure as follows: 
"When the blood in these collateral veins was pre-
vented fro~ flowing freely toward the heart, a 
moderate (30 rom) to marked (228 mm) increase in 
pressure was found. This maneuver.brought the 
collateral venous pressure up to or above the asci-
tic fluid pressure in every instance, whereas when 
free flow was allowed the collateral pressure often 
was below the ascitic fluid pressure. It can be 
considered, therefore, that the pressure obtained 
With the obstructed flow was nearer to the portal 
pressure than that measured when free flow was 
permitted, since the portal pressure must at least 
be as high as the ascitic fluid pressure to allow 
flow of blood through the portal vein channels. 
~nother indication that the obstructed collateral 
pressure was related to the portal venous pressure 
· was the failure of the former to fall following 
paracentesis, whereas that in the femoral vein 
dropped abruptly. ThQS in the case of the portal 
vein the obstruction was not relieved by removal 
of the ascitic fluid. This fact was further con-
tirmed by the sharp fall in the pressure in the 
obstructed collateral vein than in patients with 
the ovarian cyst but with a normal liyer, the ob-
struction to the portal flow in this instance 
having been the cyst itself. Finally, the pres-
sure readings obtained in the superior abdominal 
collateral veins when the blood flow in them was 
blocked compare closely with the published portal 
vein pressures measured at the time of laparotomy 
by insertion of a needle into the portal vein 
itself. n 
At the termination of their st~dies, however, they could 
not account for the presence of ascites in cirrhosis through 
the measurements of the femoral pressures or of the portal 
vein pressures (i.e., by portal hypertension). 
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We may conclude that on a basis of human studies there is 
no satisfactory correlation between portal hypertension and the 
ftormation of ascitic fluid. 
J. The Relationship Between Portal Hypertension and Ascites as 
Determined by Animal Experiments 
In 1894, Bayliss and Starling (24) carried out experiments on 
the relation that exists between the venous and arterial pressures 
on one hand and the capillary pressure on the other. The constri-
cted the inferior vena cava above the diaphragm and the capillary 
pressure increased considerably. Obstruction of the portal vein 
caused a fall in the capillary pressure. It was clear to them 
at the conclusion of t~eir experiments that in order to make 
accurate observations of the phenomena that take place at capillary 
l~vels, one must be able to determine the afferent and efferent 
pressures at the capillary bed. 
Bellis tells us tha~ Mall (25) was probably the first to re-
I 
cord portal venous pressure in animals under experimental conditions 
in 1892. Since then, experiments that have been carried out for the 
production of ascites in animals have been of three general types. 
First, the ~eduction of fibrosis of the liver by chemical agents; 
second, by constriction of the portal vein and plasmapheresis; and 
third, by the constriction of the inferior vena cava above the 
diaphragm (or constrict~on of the hepatic veins). 
0 
0 
0 
... 
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B-olton in l924,by the constriction of the pericardium with 
sutures about the right auricle was able to produce ascites in 
cats. In later years, he used ligatures and metal bands around 
the vena cava above the liver vrith the same result. Constriction 
of the vessel to 3/5 diameter was needed and the ascitic fluid 
appeared in 24 hours. In these animals portal pressures of 90 -
200 mm I:I20 were recorded. Whipple and Sperry (377) in 1909 also 
constricted the inferior ven~ cava above the diaphragm and pro-
duced ascites in dogs. 
In 1930~Zimmerman and I:Iillsman (232) used an aluminum band 
to constrict the inferior vena cava and again caused ascitic 
fluid to accumulate. Simmonds and Callaway (232) in 1932 con-
stricted the hepatic veins and noted changes in the livers of 
their dogs. Simonds and Jergesen (317) in 1935 reported on the 
anatomical alterations and functional changes in the livers of 12 
dogs af~er mechanical obstruction of the hepatic veins (using the 
method of Brandes and Simonds, traction on a rubber tube about the 
veins, described in 1925) for periods of 10 - 15 minutes. They 
did not report any formation of ascitic fluid or collateral cir-
culation, but that is not unusual since the period of obstruction 
was so short. 
In 1939.Rousselot and Thompson (295) by the repeated injec-
1 
tion of silica into the splenic or portal veins of dogs success-
fully produced an intrahepatic block and progressive cirrhosis. 
Secondary to the liver damage there occurred a portal and splenic 
vein hypertension with congestive splenomegaly. The portal pres-
sures in these animals rose as high as 460 mm H20; some, but not 
all, developed massive ascites. 
0 
0 
0 
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Kershner (1801 in 1946 reported a series of studies in 
' 
which he produced venous congestion of the liver by constriction 
of the inferior vena cava below and in some cases above the liver. 
Re observed that the original portal pressure averaged 80 mm H2o 
and that after the operative procedures it increased to 150 mm 
H2oy with the subsequent filtration of fluid into the abdominal 
cavity and the accumulation of ascitic fluid. 
Hoffbauer, Bollman and Grindlay (158) in 1948 reported that 
·the constriction of the portal vein of dogs with cellophane did 
not necessarily cause ascites. The normal pressure was 60 mm H20 
and their maneuver. increased it to 90 - 140 mm H20 without the 
occurrence of peritoneal fluid accumulation. They stated, nA 
direct or causal relationship between portal 
venous pressure and ascites formation seems 
unlikely. 11 
-In 1949 Kunkel and Eisenmenger (188) partially ligated the 
portal vein in rats; ascites occurred in 69 of 110 animals. The 
ascites reached its peak on the sixth day and then disappeared so 
that none of the rats had abdominal fluid on the 14th day. They 
thought that there was a general tendency of the animals with the 
higher pressures to have more ascites, but their figures show that 
the degree of increased portal pressure did not correlate well wifu 
the ascites. 
r 
In 1950 1Roffbauer and coworkers (159) reported more exten-
sively on their work in which measurements were made on the portal 
vein directly by means of a cannula. The average portal pressure 
in the normal dogs was 60 mm H20 with a range of 30 - 110 mm. The 
experiments were controlled very carefully for any act of the ani-
mal that caused an increase in the intraabdominal p~essure (defec~ 
tion, vomiting, urination in some was reflected by an increased 
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0 portal venous pressure and increased inferior vena caval pres-
() sures). In four dogs they damaged the liver by means of carbon 
tetrachloride exposure; ascites did not develop. There was no 
0 
c increase in the portal venous pressure in these animals. It is 
interesting to note that in the intact animals the only physio-
logical act that produced a prolonged elevation in the portal 
' pressure was the ingestion of food. Their data led them to be-
lieve that the formation of ascites is not necessarily associa-
ted with high portal venous pressures. 
TABLE X 
Observations in Dogs with Altered Hepatic Circulation 
Produced by Supradiaphragmatic Constriction 
of the Inferior Vena Cava 
(Abridged from Roffbaner ( 159) ) 
.A. 
Dog Average Venous Volume Ascitic Fluid Estimated D~crease 
Pressure (CU H2l Removed in Liters Lumen of ~n 
I.v.c.(%) 
8 portal vein 15.0 3 75 
Inf. vena 
cava (I.V.C.)l0;5 
. 
9 portal vein 14;0 o. 75 66 
I. V. c. 10.5 
10 portal vein 9.6 0 undetermined 
I. v. c. 4.3 
11 portal vein 14;2 3 75 
I. v. c. 11.2 
12 portal vein 13;5 3.5 75 
I. V. c. 8.0 
13 portal vein 16•0 3.0 75 
I. v. c. 14.0 
B. Cirrhotic Dogs 
5 portal vein 12-15 0 X 
7 portal vein 8-14 0 X 
Dog 
16 
17 
TABLE X (continued) 
Average Venous 
Pressure (CM H20) 
Volume Ascitic 
Fluii Removed 
in Liters 
41 
Estimated 
Decrease Lumen 
of r.v.c. (%) 
c. Dogs With constricted portal veins 
9-12 
8-14 
0 
0 
50 
50 
From Table X we see that the portal pressure ranged from 96 
to 160 mm H2o and ascites was present, In animals 5 and 7 with 
experimental cirrhosis and pressures of 80 - 150 mm H20 no ascites 
occurred;and in animals 16 and 17 (with constricted portal veins 
and pressures of 80 - 140 mm H20) no ascites was demonstrable. 
Thus, there is no specific correlation here, and the formation of 
ascitic fluid certainly does not seem to be solely dependent upon 
the portal pressure. 
~cKee and coworkers (230, 231, 232, 233, 234) in 1948-1950 
constricted the inferior vena cava above the diaphragm to produce 
experimental ascites in dogs. However, their experiments were eo~ 
cerned mainly with protein measurements and circulation and they 
did not make any significant observations concerning the venous 
pressure in their animals. 
Yolwiler, Grindlay and Bollman (357) in 1950 reported on 
their latest experiments with the application of cellophane bands 
to the thoracic segment of the inferior vena cava. The fibrous 
reaction to the band constricted the vessel to 1/4 of its origi~ 
nal diameter within a period of three weeks, and in this period 
48 
large accumulations of ascitic fluid developed. They measured 
the inferior vena caval and portal venous pressures by the method 
of Bollman and Grindlay and found that the portal vein pressures 
ranged from 100 - 280 mm H2o (normal controls 90 - 110 mm H2o) 
with an average of 80 mm above normal; the inferior vena cav.al 
pressures rose on the average 120 mm above normal. The authors 
state that some of the animals, on the other hand, did have normal 
pressures within those vessels at the time of the accumulation of' 
the ascitic fluid. 
In a second group of animals, they placed the cellophane banoo 
simultaneously about the abdominal inferior vena cava and the por-
tal vein caudad to the hilus of the liver. When the plasma pro-
tein concentration v~s then lowered by plasmapheresis (removal of 
whole blood with the subsequent replacement of the red ce~ls sus-
pended in a salt solution) asG.ites developed and was maintained 
as long as the hypoproteinemia was continued. The important fact 
that they discovered in these dogs was that all the measurements 
of portal vein pressure were within normal limits three weeks 
after the second ligation when the ascites was abundant. The 
authors concluded that these measurements nsu.pport the thesis 
that an increase in the portal vein pressure is 
not necessary to the formation of ascites in the 
dog. n 
K. summary 
We have reviewed the normal hepatic circulation, its de-
rangements in cirrhosis, its relationship to portal hypertension, 
and the role of portal hypertension in the etiology of ascites. 
It is clear that the liver in man and animals is dependent upon 
yhe various vessels (that supply its nutrients) to different 
.... 
degrees under different conditions. 
If the circulation of any one of the main hepatic vessels is 
interfered with, the results in the liver will vary not only with 
~he amount of the liver that is dependent upon it for its oxygen, 
but upon the adequacy of the collateral supply. In cirrhosis 1it 
has been clearly demonstrated that there are extensive oblitera-
tions, kinks, and deformations of the portal circulation and the 
arterial rami. Some authors believe on that account that cirrho-
sis should be regarded as a disequilibrium between progressive 
chronic sinusoidal ischemia with the other parenchymal and stro-
mal changes and (on the ohher hand) an increase in arterial circ~­
lation in conjunction with connective tissue development. 
This would lead to the histopathological concept of cirrhosis 
. . 
centered about the circulatory disorder (i.e~, a circulatory dis-
equilibrium has been established in the parerufhyma and the con-
nective tissue). For our pu~pose, that of assaying the effect of 
these changes on the portal pressure and on the production of 
ascites, the concept is a valuable one. 
It has long been accepted that in the systemic circulation 
' when there is an increase in the venous pressure, the increase is 
transmitted to the capillaries, and edema may result. In a like 
manner, it has been assumed that when there is an increase in the 
hepatic pressure due to portal cirrhosis (and there appears to be 
a definite increase in some cases in man as measured by both dire~ 
and indirect techniques) one might presume that the intracapillary 
pressure rises~resulting in the filtration of more fluid through 
4lt _the capillary walls. 
J ' 
50 
Bo1ton showed in 1903 that the inerease might be related to 
ascites. However, since eocperimental ascites has been produced 
without any increase in the portal pressure; since paracenteses 
are not associated with a decrease in the portal pressure; since 
many patients have elevated portal pressures, are well within the 
nascitic rangerr and do not have ascites; since some patients with 
ascites do not have increased portal pressures - we, therefore, 
must conclude that elevated portal pressure certainly is not the 
prime determiner of the peritoneal fluid accumulation. It would 
be better to regard portal hypertension as a localizing facto~ 
aiding in the concentration of a large volume of extracellular 
fluid in the abdominal cavity (though again for the reasons given 
above, it certainly could not explain the localization in all 
cases). 
Vi. ROLE OF HYPOPROTEINEiliA AND COLLOID OSMOTIB 
PRESSURE IN THE PRODUCTION OF ASCITIC FLUID 
Hit is important to remember that in every case, 
where we have disturbance of the balance between 
intra- and extra-vascular fluid, or of the balance 
between the intake and output of fluid into or 
from the body as a whole, we must take into account 
not only the mechanical conditions which determine 
transudation and absorption, but also the :possible 
effects of chemical substances in their .relation 
to excretion and absorption, as well as to the 
vitality of the c~:pillary walls and tissue cells. 
Only by keeping these possible factors in view can 
we ho:pe to arrive at some solution of the difficul-
ties which :present themselves when we attempt to 
account for the occurrence of dropsy in its manifold 
f'orms. n ( 330) 
Starling, 1909 
/ . 
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A. Introduction 
It was predicted by Morgagni in 1822 that purely mechanical 
~actors would not be enough to explain the ascites that exists 
in cirrhosis. We have seen that ascites cannot be understood on 
a basis of portal hypertension alone; that the hypertension may 
play an important localizing role. Investigators have noted that 
it is possible for not only fluid but protein as well to pass 
through the wall of the capillaries. It was discovered that in 
cirrhosis there occurs a low plasma albumin level together with 
I 
an increase in the gamma globulin. Some correlated the level of 
the hypoalbuminemia with the appearance of ascites in accordance 
with the laws first worked out by Starling. The most recent evi-
dence shows that a low albumin level is not always correlated with 
ascites and that many other hemeostatic factors must be considere~ 
We shall review in chronologie order the evidence supporting and 
opposing the above theories. 
B. Fluid Bal~nce of the Body (as determined by Starli;g) 
Professor Ernest H. Starling (228, 329, 330, 331) at the tum 
. . 
of the last century carried out his monumental studies on fluid 
balance. He experimented on the physical properties of protoplasm> 
the osmotic relationships o~ cells, the e~fects of fluid intake, 
the fluid exchange within the body, lymph production and flow, the 
absorption of interstitial fluids, fluid output, and the causation 
of dropsy. Thus, he reviewed many aspects of the complex subject 
~luid balance and few of his studies have been refuted as the 
years passed; in fact, evidence, as it accumulates, tends more and 
' " 
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more to give us the biologic proofs of these phenomena whose 
ther;modynamic.verity bas long been established by the work of van 
Slyke and others (351). In Table XI we have reproduced starling's 
list of all the factors that might influence the formation of 
dropsical fluid. He believed that since the lymphatic flow and 
these other events were so well integrated, it would be very dif-
ficult to alter the fluid balance and cause the appearance of 
dropsy unless two or more of the faqtors were affect~d. 
TABLE XI 
(Starling, 1908 (330)) 
Factors involved in the causation of dropsy 
I FACTORS CAUSING INCREASED TRANSUDATION: 
A. Increased intra-cap.~llary pressure: 
a. ~enous obstruction 
b. Vasodilatation 
c. :Plethora 
B..- Increased permeability of vessel wall: 
a. Local injury by mechanical irritants 
Local injury by thermal irritants 
Local injury by chemical irritants 
b. Malnutrition 
c. General injury by circulating poisons (f) 
a. Watery condition of blood (Rydraemia) 
D. Increased molecular concentration of tissues 
II. FACTORS CAUSING DH.HNISHED ABSORPTION: 
A. By lymphatics: 
a. :Paralysis of limbs 
b. Obstruction of lymphatic trunks 
B. By veins 
a. 
b. 
c. 
Venous obstruction 
Watery condition of blood 
aoncentrated transudations (i.e., in protein) 
54 
The most important considerations were the intracapillary 
pressure (dependent upon the venous pressure), the difference in 
' 
the colloid osmotic pressure of the blood and lymph, and the 
capillary permeability. 
"Oohnheim has shown that, although ligature of the 
femoral vein causes no oedema in a healthy dog, it 
will do so if the animal be first rendered hydraemic 
by bleeding repeatedly at intervals of a few days. 
It must be remembered that in this case we have still 
a third factor which helps in the production of oedema. 
A more watery plasma will filter more easily through 
the vessel wall, and the diminution of prote"ins in the 
plasma must be accompanied by a diminution of the osmo-
tic pressure in the plasma, which is active in absorp-
tionn(330) 
for example 
Starling believed, in essence, that in the edema/associated with 
cardiac failure the primary event is the alteration of mechanical 
factors, that is, the circulatory pressures that in time bring 
about a rise in capillary pressure. As a result of those mechani-
cal changes there is an altered nutrition of the capillary ~11, 
increased permeability, and production of dropsy. The details of 
~ ~ 
this so-called backward failure theory shall be studied at greater. 
length in the following section. 
As we trace the development of the Starling hypothesis, we sre 
that in considering the osmotic and hydrostatic factors in the 
production of the extracellular fluid accumulation, we must note 
the capillary blood pressure; the tiss·ue pressure ~urrounding the 
capillaries; the colloid osmotic pressure of the plasma proteins; 
and the colloid osmotic pressure of the proteins of the edema 
fluid. Thus, the effective osmotic forces are: the net colloid 
osmotic pressure (plasma colloid osmotic pressure minus extra-
cellular fluid i.e., ascitic fluid; colloid osmatic pressure} 
opposed by the net hydrostatic pressure (the capillary blood 
pressure minue the tissue fluid i.e., ascitic fluid, hydrostatic 
pressure). 
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We should remember throt1.gho ut our discussion that those four 
factors plus capillary ~~m~ability and lymphatic flow directly 
influence the extracellular fluid accumulation, and no matter 
what other factors we consider in conjunction with them, these 
can never be wholly disregarded. 
c. Passage of Fluid through the Capillary Membranes 
It is a·_ well accepted fact to day that during venous conges-
tion, fluid is filtered from the blood stream into the tissue 
spaces. This has been proven by blood samples removed during 
normal circulation and during venous congeStion. Plethysmographic 
measurements have been made in different stages of venous conges-
tion • 
.A.s Rowe ( 296) demonstrated (Table XII) in 1915 there oc.curredJ 
after stasis~ a concentration of the pro-teins especially the albu-
min fraction, indicating that fluid passed through the capillary 
. 
wall (although Rowe thought that other factors were important). 
Case 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
TABLE XII 
(Abridged from Rowe, i 915 C296)) 
Duration of Stasis 
1 minute 
1.5 minu:tes 
1.5 minutes 
8 minutes 
10 minutes 
10 minutes 
13 minutes 
15 minutes 
15 minutes 
15 mint1.tes 
15 minutes 
20 minutes 
ALBUlliN g~% GLOBULIN g~% 
No Stasis Stasis No Stasis Stasis 
5.7 
5.3 
4.4 
3.85 
4. 8 
5.0 
4.6 
5.0 
5.7 
5.2 
5.4 
5.3 
5.6 
4.6 
4.2 
6.1 
6.2 
5.8 
7.6 
7;65 
7.1 
ta.9 
8.2 
2. 
1.9 
2.7 
2.3 
3.1 
2.3 
2.5 
2.4 
2.0 
2.0 
2.1 
1.9 
2.0 
1.8 
2.8 
3.6 
2.6 
2.9 
3.1 
3.24 
2. 6 
2. 7 
3.3 
.. -
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Loeb, Atc.hley and :Palmer (213) in 1922 believed that cer-
tain relationships exist between the blood serum and fluids in 
the serous cavities no matter what the nature of the fluids or 
the type of the disease. Their comparative studies indicated 
that regardless of the pathological condition, whether the fluid 
is a transudate or exudate, there are qualitative chemical reac-
tions that always hold true. Their figures showed that, 
nthe edema fluid contains more chloride, and 1 ess 
potassium than the blood serum; while the sodium, 
bicarbonate, calcium, crrea, glucose and non-protein 
nitrogen exist in approximately the same concentra-
tion in the serum and the edema fluid. The freezing 
point is also the same in both fluids while the 
specific conductivity is constantly higher in the 
edema fluic1. n • 
In addition, they stated that the differenees that do exist be-
tween the serum and the edema fluid are related to the protein 
concentration and are due to a simple membrane equilibrium in 
part influenced by the protein present. 
In l925,:Peters, Eisenman and Bulger (279) produced venous 
stasis with a tourniquet and noted that there occurred a consi-
derable increase in the hemoglobin, cell volume and plasma pro-
teins of the blood. Although the plasma volume changes calcula-
ted from the hemoglobin and cell volume did not agree exactly 
with those derived from protein values (this may suggest a slight 
protein loss), Peters stated that fluid loss to the tissues was 
the main jJlechanism that accounted for the changes. 
In 1926 Landis (196} introduced tiny pipettes directly into 
) . 
the capillaries of the frog to m~asure the mean pressure and its 
~lu.ctuations under different circumstances. The pressure differed 
It not only in the various capillaries but in the same capillary from 
moment· to moment. The capillary pressure during these fluctuatiom 
. ' 
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was sometimes above ~nd sometimes below the osmotic pressure. 
·Therefore, the direction of flow of the fluids was at one moment 
inward, and the next ontward. His work indicated that there was 
a balance between the average capillary blood pressure and the 
osmotic pressure of the plasma prote~ns. Since the average pres-
sure of the venous capillaries was below and that of the arterio-
lar capillaries above that of the osmotic pressure, he had good 
evidence to support the Starling hypothesis. 
In the following year,Landis (197) injected dyes into the 
I 
experimental animals and followed the fluid movement through the 
capillary walls. He measured the rate of the, fluid movement in 
and out of the capillaries by means of the dilution and concentra-
tion o£ the red blood cells. Both series of experiments supported 
the view that the movements of fluids through the capillary walls 
was determined by the relationship that existed at the moment be-
tween the plasma protein osmotic pressure and the level o£ the 
capillary pressnre. 
In the same year, 1927, Drury and Jones (91) applied plethy-
smographs to subjects to measure the venons congestion and the 
effects of pressure variation on the rate of edema formation. 
There was an increased rate of edema formation when the venous 
pressure was elev.ated, since that elevation was accompanied by an 
increased intrac~plllar,y pressure. Krogh (184) reported similar 
results. 
Thus we have evidence that fluid is capable of passing out 
of the vessels into the extracellular spaces in venons congestion; 
but what is the relationship of the colloid osmotic pressure to 
this fluid loss? Krogh, Landis and Turner (185) in 1932 demonstr~ 
ted that fluid accumulated in the tissue spaces when the average 
venous pressure in man was above 170 mm of water. They also 
showed that the normal colloid osmotic pressure of the human was 
normal 
350 - 360 mm R20 (today acceptedjplasma colloid pressure values 
are 200 - 350 mm :S:20'). 
rrThus the blood pressure in the arteriolar and 
of the capillary system is only 7~8 em higher than 
the colloid osmotic pressure of the blood, while 
capillary pressure in the venous end of the capi-
llary system is from 19-20 em lower than the colloid 
osmotic pressure, the dif~erence becoming still 
greater in the subpa~illary venous plexus, or in 
the first venous network. Even if the filtering 
and absorbing surfaces were exactly equal in area, 
the balance would favor absorption as long as the 
capillary wall was almost completely impermeable 
to protein ••• T6 produce a preponderance of 
filtration it would be necessary to raise venous 
pressure until the average difference between 
capillary pressure and colloid osmatic pressure 
in the absorbing area was slightly less than the 
average difference in the .filtering area.'1 (185) 
•. 
They observed that fluid accumulated in the tissue spaces when 
the venous pressure was greater than 150 - 200 mm of water; above 
an average of 170 mm R20 the rate of filtration was directly pro-
portional to the increase in the venous pressure. 
In 1933,Landis and Gibbon (199} measured the movement of 
fluid through the human capillary wall in relation to venous pres-
sure, temperature, and duration of venous congestion. They use~ 
plethysmographs and discovered that when one considers the forma-
tion of edema fluid or the passage of any fluid through a membran~ 
one must account for not only the capillary pressure· and the col-
loid osmotic pressure, but the pressure of the tissue fluids and 
the tissue protein osmotic pressure. This work is of importance 
. ' 
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for it leads to the further understanding of the Starling theory, 
and it points to the multiple factors that we should consider in 
the production of ascitic fluid or any extracellular fluid. 
D. The Passage of Protein through the Capillary.Membrane 
It has been demonstrated that fluid is able to pass through 
the capillary wall but only inferred that the proteins are capable 
of doing so. 
Drinker ( 90) in. 1931 found that lymph has a high :protein con-
tent. In the same year Waterfield (363) observed that in standing> 
large protein losses could be sustained by the blood. Drinker 
believed that the tissue fluid and lymph were essentially identi-
cal and that the capillary membrane is normally permeable to pro-
tein. Landis, Jonas, Angevine and Erb (201) in 1932 stated that 
if the capillary wall were totally impermeable to colloids, the 
protein content o£ the blood would be increased in proportion to 
the reduction of the plasma volume. They recalculated the J!lata of 
other workers and presented their own, which indicated that when 
the venous congestion was high, filtration.~f1uid occurred together 
with large amounts of plasma proteins (.See Table XIII}. 
TABLE XIII 
(Abridged from Landis, Jonas, Angevine and Erb (201)) 
Observation Congestion Pressure Fluid Loss Protein Filtrate 
lfumber mm Hg cc/100 co grams/lOG cc 
2 80 17.2 1.2 
3 80. 13.7 1.2 
·14 80 11.9 2. 8 
. 
5 80 12.9 0.1 
c 
0 
They conclD.ded that "at venous :pressures of 80 mm Hg or more 
the capillary wall becomes relatively :permeable 
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to :protein. At a venous :pressure of 60 mm Hg 
cons:picu.ou:s loss of :protein c auld not be detected. n 
~ 
Thus far we see that fluid is capable of :passing through the 
capillary wall, tbat proteins also can pass through this barrier, 
and the disturbances of the fluid-protein balance can affect the 
accumulation of extracellular fluid. Now we shall consider the 
specific relationship existrtlg Between~b~rrno§Xs B~nt~§Sl~V.er~W~~h 
as:ci:tas oa:fud dist:grbS:nca in :thEh3]>rotein balance. 
E. The Association of Low Plasma Proteins and Ascites (with or 
without edema) in Cirrhosis 
The observations that led to the correlation of cirrhosis 
. 
with ascites and disturbed protein levels began with starling. 
Grenet (135) in 1907 observed the decreased plasma proteins in 
cirrhosis but did not relate this phenomenon to ascites. It was 
not until World War I, however, when protein levels in starvation 
edema were measured that this work received its first impetus. Tre 
subject of starvation edema is well reviewed by Denz (84). The i~ 
vestigators had observed a decrease in the plasma proteins espe-
cia~ly the albumin in the starved individuals with edema. 
Loeb, Atchley and Palmer (213) in 1922 studied the relation-
ship between the serum proteins and serous effusions and stated 
that the differences in the serum and edema fluid were related to 
the protein concentration. They also showed that the ascitic flu-
id has the properties of a transudate. Epstein (102) in the same 
. 
year noted that there was a decrease in the plasma proteins in the 
edema of nephrosis. In 1928~Starlinger and Winands (332) found · 
that the serum albumin fell from 4.1 grams to 2.2 grams/100 cc whm 
ascites developed in a patient with cirrhosis of the liver. 
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1fuore (248) measured, in 1929, the albumin levels in patients 
' 
with cirrhosis with and without ascites. The mean serum albumin 
level for those with ascites was 2.3 i: 0.1 grams%; without asci-
tes 3.7 ~f o.s grams %• The difference is statistically signifi-
cant; the values for the serum globulins and the total protein of 
the serum in those with and those without ascites were not signi-
ficant. Thus, they more clearly defined the relationship between 
serum albumin level and the appearance of ascites in cirrhotics. 
When diuresis took place in 19 instances (17 patients) the average 
of the serum albumin level was 3.1 grams fa', a point approximately 
. 
tra11sitional between those with ascites and those without the flun 
accumulation. The serum albumin rose in the patients who improved 
but nthis may not necessarily represent a 'cause and effect' rela-
tionship since both phenomena might represent improved.liver 
function. 11 
The critical level observed (3.1 grams %) was higher than that 
which had been observed earlier when diuresis took place in pa-
tients with other types of edema; that might be explained by the 
additional fact that there is portal hypertension in be accounted 
for in the ascites of cirrhosis. They concluded "the degree of 
reduction of the albumin level seems to be correlated with 
the prognosis as to the duration of-life, clinical course 
of the disease and with the appearance of ascites, n 
-Salvesen (298) also found in 1929 that low plasma albwmin and 
increased plasma globulin levels were associated with subacute and 
chronic liver disease. Abrami and Wallich (1) in the same year r~ 
ported that in 13 of 15 patients with cirrhosis, the serum globu-
lin was elevated above 3.2 grams ~' and W~llich (360) reported a 
number of cases in which it exceeded 4.0 grams %. Therefore, 
since the fall in the serum albumin is accompanied by a rise in 
0 
0 
0 
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the serum globulin level; the total protein of the blood may not 
appear to be altered. We must remember, though, that in the de-
termination of colloid osmotic pressure, the albumin molecule 
plays a far more important role than does the globulin, due to 
the smaller size of the former. If there were ~ reduction in the 
albumin, and even if there occurred an equal increase in the glo-
bulin the serum colloid osmotic pressure would decrease. 
Wiener and ITiener (379) in 1930 measured the plasma proteins 
in various diseases; they stated, nin cirrhosis of the liver the:ue 
is a gradual relatively mild decrease in the albumin 
fraction and a moderate rise in the globulin f:,ract ion. n 
They did not correlate ascites with those alterations. 
Peters and Eisenman (278) in 1933 made the clinical observa-
tion that the cirrhotics with malnutrition and low albumin develo~ 
ed ascites at an earlier stage than the well nourished. nit seems 
at least highly probable that low serum albumin is, in 
many cases, a contributory cause of a~ci tes. n 
In 1935 Snell (321) noted that nthe principle effects referable in 
the reduced albumin content of blood serum of patients 
with hepatic disease are obviously related to the pro-
duction of ascites and edema.u 
Keefer (174} at that time noted that patients with latent 
cirrhosis of the liver, "developed transitory ascites during an 
attack of bacillary dysentery associated with hypopro-
teinemia. When the patients recovered from their dysQ 
entery, the plasma proteins returned to normal and the 
ascites disappeared. It seemed reasonably clear, there-
fore, that the hypoproteinemia contributed to the de-
velopment of ascites in these cases." 
Then IJyers and Keefer (252} studied a group of patients with cir-
rhosis, ascites and edema. They believed that the formation of 
the ascites was due to a combination of the low plasma protein 
level of the blood and the increas~d hydrostatic pressure in the 
portal vein. They felt that the hypoproteinemia was due to the 
loss of albumin into the ascitic :fluid together with the defec-
tive formation of plasma prote·· ~ns. 
0 
0 
0 
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There have been many explanations advanced to account for 
the reduction in the serum albumin level in this disease. It 
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has been attributed to a defective protein formation, to a nu-
tritional upset, a lack of reserve building material normally 
stored in the liver, loss of albumin into the ascitic fluid, or 
increased capillary permeability causing the escape of protein 
into the tissues. Tumen and Bockus (347) in 1937 reViewed the 
subject and believed that their data supported the existence of a 
basic disturbance in the liver function to account for the hypo-
albuminemia of liver disease. 
In addition to the above mentioned observations, Iryers and 
Keefer also found that in the cirrhotics with ascites there was a 
reversal of the albumin-globulin ratio as well as a drop in the 
plasma albumin. The ascitic fluid that they removed from the 
peritoneal cavity of the patients with uncomplicated cirrhosis 
contained 0.1 - 1.7 grams of protein/100 cc and the albumin-
globulin ratio of the ascitic fluid was higher than that of the 
' 
plasma (i.e., the albumin fractions of the proteins of the asci-
tic fluid was relatively greater than that of the plasma prate ins.) 
O'Hare and Driscoll (258) in 1936 studied the blood proteins 
in a number of diseases of the liver. 
nrn each and every dis order of the li yer studied there 
was some disturbance of the serum proteins. The albu-
min fraction \V<aS the most commonly affected • • • It 
would seem as if there were a rough parallelism be-
tween the lowering of the albumin and the degree of 
the destroyed or disturbed liver function." 
-
Ivanov and Ohervyakovskii (165} made similar observations in that 
same year. 
0 
0 
0 
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In 1937)Foley and coworkers (122) thought that the hypoal-
~ 
buminemia of cirrhotics with ascites was not due to the loss of 
the protein into the ascitic fluid but due to the liver damage. 
In support of their hypQthesis,they cited cases of patients who 
were tapped with the consequent loss of the ascitic fluid pro-
tein but who did not develop hypoproteinemia. Of course, this 
fails to take into consideration factors of malnutrition and lack 
of protein stores in severe cirrhosis. 
Luetscher (215) in 1941 carried out electrophoretic analyses 
of the proteins of the plasma and various serous effusions. The 
albumin level was the same or proportionately increased in the 
effusions. Re believed that as far as the formation of ascitic 
fluid was concerned 2.5 grams fa of albumin was the critical level 
below which ascites occurred. The fluid reflected the plasma 
levels of albumin. 
Thus, many workers reported cases of lowered albumin and 
increased globumin in cirrhosis, and some correlated it with the 
appearance of ascitic fluid. It remained for :Post and :Patek (281) 
however, in 1942, to put this relationship on a more concrete 
basis. They showed statistically that there was a correlation be-
tween the mean value of the serum albrrmin and whether the patient 
died or lived; they showed the close correlation of the ascites 
with the decreased plasma albumin; and they also demonstrated that 
the diuresis v~s associated with the serum albumin level. 
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TABLE XIV 
(From Post and Patek (281)) 
. 
Range of Valnes for :f)l'umber of Patients Number of Patients 
Serum Albumin. Who Died Who Improved (grams/100 cc) 
1.5 - 2.5 14 7 
2.5 - 3.5 6 - 15 
3.5 - 4.5 0 5 
4.5 - 5.5 0 1 
It is evident from Table XIT that the progr+os is as to dura-
tion of life {in 1942) became worse as the serum albumin level 
decreased. The patients who had clinical improvement had a corre~ 
ponding increase in their serum albumin level. 
I' 
Then they measured the serum albumin levels in the patients 
with and without ascites. They believed that there was a statist~ 
I 
cal correlation between the appearance of ascites and the albumin 
level. The patients with ascites had s:0~1:mia levels of 2.3 grams/ 
100 cc (standard deviation~ 0.1) and the group without ascites 
had levels of 3.7 grams/100 cc (standard d~viation. :/::_ O.fR}. The 
means were. significantly di~ferent. The data of other authors we~ 
analyzed with similar results. 
Patek and Post also correlated diuresis with thexise in the 
serum albumin. Their value for the mean albumin level o£ diure-
sis was 3.1 grams/100 cc (standard deviat~on ~ 0.2 gram/100 cc). 
These figures are similar to those of ~oore (248). They conclu-
-ded, !Tit appear~ that a reduction. in the serum a1bumin is an 
essential fa~tor in the formation of ascites.n 
0 
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After this enlightening stQdy1many other authors reported 
on the correlation that exists between cirrhosis with ascites and 
hypoproteinemia. Bjirneboe (30) in 1946 in his review stated that 
one could best exp~ain the ascites of cirrhosis on a basis of the 
hypoproteinemia. Roffman and Lisa (160) in the following year 
noted that ascites was an early finding in 58 per.cenf of their 
cases of cirrhosis and that the albumin-globulin ratio was de-
creased in 14 of 21 cases. 
Armas-Oruz (11) in 1948 measured the blood proteins of 100 
Ohilean aviation school cadets (as control~). He compared them 
with a group of cirrhotics and noted a decreased serum albumin 
fraction in well over 90 per cent of the latter (though in many 
the total protein was normal due to the increased globulin). The 
albumin-globulin ratio was decreased in almost every cirrhotiq. ffi 
correlated the more marked decreases of albumin with the appear-
ance of ascitic fluid. Fodor {121) in 1948 made similar observa-
tions. 
James ( 16 7) stated nhypo:proteinemia is usually found in pa-
tients with effusions, being more severe in those with 
ascites, par·tiicularly if this is caused by cirrhosis 
of the liver.n 
James, however, did not necessarily give hypoproteinemia a causal 
role in the production of the ascites. Hiller, Huffman and Levey 
(155) in 1949 measured the plasma volume in ~elation to the serwm 
protein concentration and the total circulating proteins in 12 
patients with advanced portal cirrhosis. Most of the patients had 
a sustained and considerable elevation of the plasma volume. Cli-
nical improvement corre+ated with the ability to maintain a normal 
circulating albumin in four of the patients. They felt that the 
albumin levEl was a very important prognostic sign, although not 
an absolute one. 
0 
6TJ 
Recently, ~~th the ~erfection of the Tiselius electrophore-
tic ap,aratus 1 more exact and detailed analyses of the proteins of 
the blood and ascitic fluid of cirrhotics bave been carried out. 
Ricketts (291) in 1949 measured the proteins of 14 cirrhotics, 7 
of whom had ascites. In the more advanced disease forms {especia~ 
/ 
ly when ascites was present) the albumin fraction was decreased 
while the gamma globulin was elevated. The beta globulin was 
rarely elevated. lill3.rtin (223) in the same year also :fo'und that 
the main contributor to the upset albumin-globulin ratio was the 
gamma gl9bulin (while the al~ha and beta globulins were usually 
below normal in the cirrhotics). 
Sterling and coworkers (334) carried out extensive electro-
phoretic measurements. ~ ·~'3 Jtnfusions of plasma or salt-poor albu-· 
min were followed by elevation of the serum albumin of the cirrho-
tics. The analyses showed that there were progressive changes in 
the albumin toward the normal that coincided with ~1~ clinical 
improvement during the administration o·f high protein, high carbo-
hydrate, high caloric diet for periods up to 10 months. 
Thus we have reviewed a body of evidence that shows in some 
cases a very definite and striking correlation between the albumin 
level of the blood and the appearance of ascites. Not only the 
ascitic fluid level, but the prognosis as well could be determined 
rat her ace urat ely. 
F. The Association of Lowered Plasma Colloid Osmotic Pressure 
and Ascit.es 
All the· studies mentioned up to this point bave in-mlved the 
measurement of the serum albumin level,assuming it to be ~n~~~~uate 
0 
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indication of the plasma colloid osmotic p~essure. We might 
~eason that if we were able to measure the colloid pressure it-
self we would better be able to observe whether there is a good 
correlation between the peritoneal fluid level and the fall in 
oncotia pressure. 
l In 1935 )Smirk {319) reviewed the facto·rs that influence 
. 
edema in congestive heart failure. He measured the colloid os-
motic pressure (c.o.~.) of the plasma,and observed that not'only 
did it fall, but apparently some protein passed out through the 
walls of the blood vessels. He measured the c.o.~. of the edema 
fluid; and~untll that all the factors that may increase the local 
venous pressure will increase the effective filtration and the 
transudation of fluid. In failure>the tissue fluid back pressure 
and the capillary permeabili tyw:ewe both altered and influence:l the 
_d'egree of transudation. In six cases of hepatic cirrhosis with 
increased general venous p:-ess,ures of 40 - rzo mm H2o, fa ur had 
ascites and none had edema. 
In l936,Ivanov and Chervyakovskii (165) related a decrease in 
the c.o.~. with the appearance of ascites in cirrhotics. In the 
following year,Butt and Keys (62) found the C.O.P. to be low in 
several cases of cirrhosis of the liver; and in 1939JButt, Snell 
ana Keys (63) reported on an extensive study. They felt that 
since in some cases of cirrhosis with ascites the plasma protein 
level was normal, the usual protein measurements were an inade-
quate determination of the osmotic relations that ~ist at the 
capillary membranes and that the measurements o~ the c.o.P. would· 
perhaps explain the ascites. 
~~~~--
Q-J 
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TABLE XV 
(Abridged from Butt, Snell and Keys ( 63) ) 
Case Grade of Serum Protein Serum Albumin c.o.J?. mm H2o 
Ascites (gram~ %) (grams %) 
1 1 5;4 2. 65· 198 
2 4 6.7 1.36 200 
2 4 ·4.6 . 195 
5 4 6-.9 o.88 207 
6 2 .6.9 2.53 230 
8 1 -6-.6 2.44 213 
9 2 6.3 1.87 222 
10 3 7.9 2. 20 230 
11 2 7. 9 2.34 268 
12 3 6.0 1.7 179 
13 4 7. 7 3.·50 18·5 
14 2 7.2 2.58 155 
16 4 ·6.2 2. 20 193 
17 2 ·5. 7 3.40 194 
19 3 5.8 2;88 194 
20 4 4.8 2.01 190 
21 3 64!9 185 
23 2 7.7 2.00 260 
4 0 6. 9 3.38 1·93 
7 0 rz.o 25!3 
15 0 5.3 373 
18 0 7.3 3.18 340 
22 0 5.5 2. 90 235 
We can see from Table XV: that if the normal range of to tal 
plasma protein is 6 - 8 grams %, then many of the patients with 
ascites had normal levels while two patients without ascites had 
lowered plasma proteins. The correlation between ascites and the 
aibumin level or the C.O.P. level was more conclusive. Though the · 
c.o.J?. is not the sole factor affecting ascitic fluid production, 
Butt says that it is important and must be evaluated carefully if 
we are to understand the intrinsic disturbances that cause ascitea 
Theoretically, excess extracellular fluid may be caused by 
<:) a decreased colloid osmotic pressure, increased venous pressure, 
upset lymphatic drainage or an increased capillary permeability, 
... 
' . 
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In-hepatic dieease 1 the increased venous pressure and the de-
creased colloid osmotic pressure are known to be present. Butt 
concluded that although there is a good correlation between the 
c.o.E. and the concentration of the serum albumin in hepatic 
disease, no constant "edema leveln as measured by the c.o.F. 
could be demonstrated. 
Weis and Feters (369) in 1937 re-examined the relationship 
-
of the concentration of the serum protein (with its albumin and· 
globulin fractions) to the c.o.F. of human serum. They presented 
empirical equations for the estimation of the co·lloid osmotic 
pressure from the· concentration of protein, albumin and globulin 
-
in the serum. Kellerman (176} in 1937 measured the plasma C.O.F. 
direc~ly and found that cases of cirrhosis tended to have low 
C.O.F. values, and those·with ascites tended to have even lower 
values. 
Bj?rneboe (30) in 1946 carried out 34 determinations of the 
c.o.F. on 31 patients with hepatitis. He noted that above a 
a.o.F. of 200-240 mm R20,edema and ascites di~ not occur. He, 
therefore, assumed that in hepatitis reduction of the c.o.E. was 
the chief cause of ascites. 
Riggins and coworkers (153) in 1946 reviewed the methods of 
determining the C.O.F. and carried out measurements themselves 
t:tsing the formu~ae calculated by Wells, Youmans and laller and 
t~-~ ~ b...Y- "Wies and :Peters. They did not believe that the lovv. ered 
C.O.F. was the eocplanation of all of the extracellular fluid 
accumulations but stated, ~our own results show that ascites 
occurs but rarely ~n subacute and chronic hepatit· 
unless the plasmn colloid osmotic pressure is b 1~s normal levels. Low colloid osmotic pressures ~ ow d~ not nee essarily lead to the development r.' o wever' m~nal effus· • o an abdo-~on, moreover although . ln the individual 
0 
patient the plasma c.o.P. was usually lower when 
ascites was present than when it was absent, this 
was not invariable, ·irrespective of the formula 
used for estimation. It is possible that some of 
these discrepancies are due to the acknowledged 
difficulty of detecting small abdominal ·effusions 
with certainty, and to occasional inadequacy of 
the clinical records • • • • " 
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They further believeJthat irrespective of the causal relationship 
that the lowered c.o.P. may have in the etiology of ascites, the 
correlation may be very important from a diagnostic standpoint 
(i.e., it is unusual for ascites to develop in hepatitis unless 
the a.o.P. is less than 300 mm R2o or the serum albumin below 
2.5 grams%, whereas in the ascites of heart disease, malignant 
disease, and peritonitis those values are less likely fu be 
depressed). 
james (167) presented ver.y illuminating data in 1947. In 
15 out of 16 patients who ~d ascites due to causes other than 
cirrhosis, the venous pressure exceeded the ascitic pressure; 
the difference between the two was proportional to the difference 
between the colloid osmotic pressures of plasma and fluid. 
TAB~E lli 
(From James (167 )) 
Mean Plasma Osmotic Pressure (in Cm of Water) of Healthy Subjects 
and Patients with Efxusions 
Normal 
Pleural 
Ascites, 
Ascites 
~~rean Plasma Osmotic Pressure :r:To. of 
Subjects 
32.9 
effu:sion (all causes) 26.2 
6 
17 
(except cirrhosis 
nephrosis) 
due to cirrhosis 
and 
24.5 
21.0 
15 
9 
) 
Then James goes on to say, nin patients with ascites due to 
cirrhosis this proportionality was not observed: 
in 7 out of 9 patients the ascitic fluid pressure 
exceeded the venous pressure, while the difference 
between colloid osmotic pressures of plasma and 
ascitic fluid was large owing to the low protein 
content of the latter. It is suggested that portal 
obstruction accounts for the different behavior of 
ascites due to cirrhosis in this respect, and that 
the magnitude of the deviation provides a measure 
of the portal pressure. n 
G. The Effects of Proteins and Protein Rich Fluids on Hypo-
proteinemia and Ascites 
It is now an axion in the treatment of almost all liver 
disease (especially cirrhosis) that an adequate'and nutritious 
diet is a basic consideration. Patek and Post {269) in 1941 
demonstrated quite convincingly that the proper diet made. the 
prognosis far more favorable. They compared the survival time of 
a group of untreated patients with cirrhosis and ascites to that 
·Of a group treated with a highly nutritious diet (and vitamin B 
supplements); the survival rate was significantly higher in the 
treated group. In addition, there were general signs of bodily 
improvement and presumptive arrest of the disease process. In 
some of the patients, the jaundice, edema and ascites disappeared. 
Protein administration in various fo·rms and in various fluids 
(including plasma transfusions and even ascitic fluid infusions} 
has been noted to improve 'the course of the ascites. Quantitative 
measurements could not be carried out until the advent of the pur~ 
fied human plasma albumin. Fleming and Snell (:119) in 1942 used 
liver extract and noted that it helped the course of cirrhosis. 
Labby et al. (195) in 1947 stated that of 21 patients with ascite~ 
12 needed no further paracenteses after 2 - 12 months liver ex-
tract therapy. Seven others had less need for periodic taps. 
The urine volume increased, and where 22 per cent o~ the group 
had albumin levels of 3.5 grams ~before the therapy, 66 per 
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cent of the patients had levels of that magnitude or greater a~ter 
two years. Rawls (286] in the same year noted that the ascites 
decreased or disappeared a~ter treatment with crude liver extract 
given intravenously. 
Lewis, Taylor and Davidson (209} reported on the use o~ pro-
tein hydrolysate and said that though it has bene~icial e~~ects 
its administration o~ten caused nausea, vomiting and ~lushing of 
the skin. Paolino (266} in 1950 and others be~ore him treated 
cirrhotics with ascites by means of intravenot1.s plasma. He ob-
served improvement and a decrease in the ascitic ~luid. 
Other clinicians have made use of ascitic ~luid that was 
high in protein in their·course o~ therapy. Girard (130, 131) 
stated in 1949 that the formation o~ ascites is due to the com-
bination of decreased se.rum albumin, upset water balance, upset 
fat metabolism, upset inta~e o~ vitamins P and C and decreased 
detoxi~ication by hhe liv.er. The specific formation of ascites 
is associated with the loss o~ serum albumin which is not easily 
remanufactured by the liver. Therefore, he believes that the en-
riched ascitic fluid treatment is very useful. There are a number 
o:f excellent reviews on the subject o~ the treatment of chronic 
liver disease written by Davidson and coworkers (60, 81), Regsted 
(148) and others. 
In conclusion, we may· regard the fact that ascites is lessen-
ed by pm tein hydrolysate)plasma or ascitic fluid infusions as 
presumptive evidence that hypoproteinemia is an important factor 
in the production of ascites. 
J 
) 
) 
H. The Effects of HQman Serum Albumin Therapy on Hypoproteinemia 
ana. Ascites 
In the early 1940's detailed blood fractionation procedures 
-
were carried out and human albumin was made available in large 
quantities (?2 9 300). It became possible to carry_out controlled 
experiments and determine the effect of albumin on the C.O.P. of 
the plasma and the ascitic fluid9 and whether the albumin would 
.have the expected beneficial effect upon extracellular fluid 
accumulations. Janeway (168} in 1944 was the first to report on 
the use of human albumin in the treatment of cirrhosis with asci-
tes. A few of his patients did not reaccumulate ascitic fluid 
after therapy. However, those patients had exhibited similar re-
missions in the past, so that he. could draw no definite conclusiom. 
He believed that although the asc~tes was associated with a low 
serum albumin, the decreased c.o.P. of the plasma was not the only 
factor that influenced the formation of the peritoneal fluid. 
Thorn, ~rmstrong and Davenport (346) in 1946 treated cirrho-
tics with salt~poor albumin. (However, in terms of later reports 
on the relationship that exists between salt retention and ascites 
we should realize that with the use of this therapy we have two 
factors to consider; i.e., the albumin and the low sodium.) They 
administered 50 grams per day for 1 - 5 days. Such a short term 
stady could hardly be conclusive, but they did show that in the 
patients with generalized edema, albumin therapy increased the 
urine volume. The patients with ascites showed no remissions, 
thottgh when the studies were carried out over longer perio-ds of 
time some o£ the cirrhotics experienced a disappearance OI their 
abdominal fluid. 
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Armstrong noted that cirrhotic edematous patients
1
as opposed 
to the nephrotic edematous patients previously treatedJdid not 
show the weight loss that one would expect. One can account £or 
that failure to lose weight on the basis that the water was held 
in the body with associated protein; i.e., the nephrotics retained 
about 50 per cent of the albumin while over the same period of ti~ 
the cirrhotics retained 80 per cent. There was a slow attainment 
of equilibrium between the ~lasma and the ascitic fluid proteins 
and it was suggested that one must carry out prolonged treatment 
with albumin in order to mobilize the ascitic fluid. Little o£ 
the albumin was lost in the urine; oral administration was inef-
fective, 
Kunkel (186) in 1946 presented data accumulated from the 
treatment of seven patients with ascites with concentrated human 
. . 
serum albumin (not salt free). The albumin levels were brought to 
normal (although four of the patients did not maintain the normal 
. . 
level and their ascites returned within two months); in each case 
there occurred diuresis with the disappearance of the edema and 
ascites. These patients also retained 90 - 100 per cent of the 
albumin nitrog~n. The loss of albumin to the ascitic fluid vms 
a limiting factor. Armstrong (13) in 1948 observed two patients 
with cirrhosis and ascites who were aided by the use of human 
albumin. 
Kunkel, L~bby, Ahrens, Shank and Hoagland (190) administered 
concentrated human serum albumin to 15 patients with cirrhosis and 
ascites and two with subacute yellow atrophy after infectious he~~ 
titis. (The standard unit administered contained 25_mg a~bumin_in 
100 ml buffered diluent. Sodium varied from 0.3 - 0.9 grams %). 
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Several serioQS side effects of the therapy were observed. FoQr 
of the patients developed febrile reactions foQr hoQrs after ad-
ministration, and in two, esophageal hemorrhages occurred - at 
the time when the marked body shifts of flQid were taking place 
and the diQresis was at its height. Qne patient developed pul-
monary edema. Fourteen of the 15 patients; however, lost their 
ascites after therapy;-nine at a rapid rate, and five more slowly. 
Therefore, in these 14 patients there was a cessation of the pro'-
tein loss into the peritoneal cavity, the dietary ~rotein intake 
increased, and the patients were in positive nitrogen balance. 
The amoQnt of albQmin needed to bring about the loss of asci-
tes was 4 - 80 units. They considered three factors which tended 
to produce resistance to the albumin therapy: (1) the amount of 
portal obstruction; (2) the length of time that the ascites was 
present; (3) the presence of high titers of antidiuretic substance 
in the urine. The presence of massive edema in proportion to the 
ascites present (especially in those with subacute ye~low atrophy 
or cirrhosis after acute hepatitis) was associated with the most 
I • 
rapid r~covery following the administration of albumin. These 
patients seemed to SQffer from a specific albumin deficit. 
In certain patients the therapy appeared to initiate a cura-
tive process which was then sustained by increased caloric intake 
and liver extract injections. Some bad diuresis a considerable 
length of time after therapy; the authors believed that in those 
cases the primary effect of the albumin was on food intake an·a 
utilization and that the diuresis resulted after general nutri-
tional improvement. They felt that the marked relief afforded in 
a number of cases was conclusive evidence of the role that hypo-
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albuminemia plays in the production of ascites. When the fluid 
~eaccumulated in two o~ the patients, they again were relieved 
by a second course of albumin therapy. 
. . ' 
In a rec,ent report (1950).., Havens and Bluemle (146) found 
that of eight cirrhotics (who had ascites) and were treated with· 
salt-poor human serum albumin and mercurial diuretics, seven had 
diuresis with a diminution of their ascites and edema. Three 
patients had hematemesis; accordingly~the authors caution against 
the use of this therapy since it is likely that the increased cir-
culating blood v'olume attendant upon the administration of albu-
min v~s the causative factor. They did not ascribe all of the 
beneficial effects to the increase in the plasma colloid osmotic 
pressure, and the diuresis was not associated with any particular 
albumin level. "The mercurial diuretic and/or albumin, in addi-
tion to an increased circulating plasma volume, rate of 
renal blood flow and glomerular filtration, were impor-
tant contributing factors. n 
In his recent paper1 Ricketts (290) carried out extensive 
measurements on 50 patients with untreated portal cirrhosis with-
out cardiorenal disease. The plasma albumin levels in the pa-
tients with cirrhosis and ascites were consistently below 3 grams 
%, while those of normal :persons and cirrhotics without ascites 
exceeded that figure. Ricketts attributed the decreased albumin 
to· multiple factors: poor food intake, disturbance in formation 
and utilization of proteins by the damaged liver, protein loss 
due to paracenteses, hemorrhage, diarrhoea or infection. The 
following table demonstrates these significant differences. 
No. 
Cases 
~ABLE XVII 
(Ricketts (290)) 
Portal Cirrhosis 
Plasma Proteins 
Total Protein 
18 
in Grams P·er Cent 
Albumin Globulin 
1'fean S.D. Mean S.D. Mean S.D • 
. . 
1. Normals 20 7.02 0.31 4.81 0.34 2.18 0.35 
2. Portal 
Cirrhosis 
without 
Ascites 30 7.20 0.37 4.19 0.15 3.04 1.03 
3. Portal 
Cirrhosis 
with 
Ascites 20 5. 70 0.37 2.39 0.24 3.32 0.60 
Ricketts found that the response to salt-poor albumin fnfu-
sions v&ried with the salt intake and the individual. When the 
patient was given albumin and also had a salt intake that was 
rather high (240.0 mg/day by mouth) water was still retained as 
evidenced by weight gain. He did find (as one would expect) that 
in circulatory collapse administration of the salt-poor albumin 
might be a life saving procedure for the cirrhotics. He conclude& 
nThe evaluation of the concentration of plasma :proteins 
is very bazardous Wkless account is taken of the shift 
of the body fluids. 'Critical levels' of :plasma albumin 
or colloid osmotic pressure of plasma are in themselves 
too simple an explanation for the very complex mechanism 
involved in the formation of edema and ascitic fluid. 
That the lowering of the colloid osmotic pressure of 
plasma is not solely responsible for the retention of 
fluid is demonstrated in the present study following 
salt-poor human albumin infusions to patients maintained 
with a sodium intake of 2400 mg daily. The administration 
of such p~otein alone did not significantly change the 
tendency to retention of fluid when excretion of sodium in 
the urine was inadequate. The immediate effects of paren-
teral protein infusions in cases with poor elimination of 
salt depended on the daily sodium intake. n 
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I. Plasma Protein Level in Experimental Ascites 
~olwiler, G~indiay and Bollman (356, 357) carried oat in the 
last three years a series of interesting studies on experimental 
animals. They produced ascites in dogs by two dif£erent techni-
ques, In the first group they constricted the thoracic inferior ) 
vena cava by the application of a cellophane band; in the second 
group of animals cellophane bands were placed simultaneously 
around the portal vein and the inferior vena eava below the liver 
(this did not produce ascites);&~ then when these latter animals 
were rendered hypoproteinemic by plasmapheresis, ascites develope~ 
The results of these experiments are tabulated in Table XVIII. 
TABLE XVIII 
eo,arison of Two Types of Experimental Ascites 
From Volwiler, Bollman and Grindlay (356)) 
Portal vein pressure 
Inferior eav.al 
pressure 
Ascites 
Peripheral edema 
Jaundice 
Sulfobromophthalein 
retention 
liepatic histology 
Plasma total protein 
Plasma albumin-globulin 
ratio 
:Er eparation 1 
Constricted Thoracic 
Inferior Vena Cava 
Av. 8 em above normal 
Av. 12 em above normal 
L~rked, spontaneous, 
progressive 
Appears after ascites 
Occasional 
5 to 17 per cent 
Preparation 2 
Constricted abdomin~ 
Vena Cava and I'or·tal 
Vein, Plus Plasma-
Pheresis 
Same 
Same 
Slight to moderate 
Appears after 
ascites 
l\Tone 
None 
Marked passive congestion I~ormal 
3.2 to 5.9 g/100 cc (ave rage 4.1) 
Normal 
3.3 to 4.3 g/100 
cc (average 3.8) 
Normal 
0 
0 
0 
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TABLE XVIIl(continued) 
Ascitic fluid 
:Preparation 1 
Constricted Thoracic 
Inferior Vena Cava 
specific gravity 1.010 to 1.018 
Total protein 1.3 to 4.4 g/100 cc 
(average 2. 5) 
Hilar liver 
lymphatics J.\'Tarked1y enlarged 
Hepatic lymph flow 
per 24 hours 2,000 to 6,000 cc 
Appearance time in 
asci tic fluid of 
intravenously 
administered Evans 
blue dye 2 to 4 ho~rs 
:Preparation 2 
Constricted Abdominal 
Vena Cawa and :Portal 
Vein :Plus Plasma-
J?heresis 
1.006 to 1.010 
0.1 to 1.0 g/100 ec 
(average 0.3 
Normal 
250 CC 
Not present in 48 
hou:cs 
The ascitic fluid produced by the first method had a very 
high protein content and appeared to be derived from the liver 
lymphatics; the second group of dogs formed a thin watery trans-
udate with a low protein content. nThe ascitic fluid of prepara-
tion 2 may be a simple thin transudate secondary to 
the diminished plasma osmotic pressure resulting 
from hypoproteinemia; the loaalization of this edema 
fluid to the peritoneal cavity may result from the 
previous expansion of the splanchnic capillary bed 
developing because of obstruction to the portal vein.n 
In this latter group the· ascites did not appear until the 
lowering of plasma proteins was affected. This serves to re-
emphasize the possible role of albumin in the etiology of human 
accumulations of peritoneal fluid. The first type of ascites is 
not exactly comparable to the ascites of cirrhosis but is more 
closely related to that of constrictive pericarditis or congestive 
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heart failure. These experiments will be discussed further in 
a later section. 
J. Evidence Opposing avpoproteinemia as Sole (or most important) 
Factor in the Production of Ascites in Cirrhosis 
There are numerous clinical reports that make it clear that 
although hypoproteinemia may play an important role in the pro-
~uction of ascitic fluid, it certainly is not the sole factor, 
and in some cases it may be a minor factor. Atcheley et al. (14) 
as early as 1923 carried out extensive blood chemical analyses in 
three patients with cirrhosis and ascites. The blood protein was 
not reduced in all of the bases. Peters, Eisenman and Bulger 
(279) in 1925 believed that the reduction was not characteristic, 
for they :fuund a cirrhotic with normal proteins. Of course we 
should remember that the total protein m~ be normal even when the 
albumin is decreased (due to the increase in the globulins). 
However, in the l930~s one might have hazarded a guess that 
even if purified albumin ve:rae produced it would not help all cirrho-
tics who had ascites, and that there were factors other than the 
lowered albumin or plasma colloid osmotic pressure. In 193~ 
Weech and coworkers (367) said that the symptoms of albcrmin defi-
cit are related to the concentration rather than the total circu-
lating amount. Therefore the transfusion of serum would be ex-
pected to have little effect unless there were no volume changes 
taking place at the same time (which is hardly likely). 
They prepared dogs on protein deficient diets and transfused 
them with normal dog serum as a source of protein. Significant 
alteration in the edematous state did not occur; the albumin first 
rose and then fell; the globulin fell, rose for several days and 
0 
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then fell off again. There was either a loss of the ~rotein to 
the body spaces from·the serum (there was no loss of protein 
into the urine) or there was an addition of water to the serum 
fro.m the tiss11es. 
Youmans (382) in 1934 observed that humans standing (at a 
. 
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75 degree angle) for one hour had an increased concentration of 
their serum protein to the ~tent of 18 - 40 per cent and an in-
crease in the C.O.P. of the blood of the foot of 29 - 65 per cent. 
The percentile increase of the total protein concentration was 
identical with that of the two protein fractions. The patients 
with chronic nutritional edema who were subjected to the same 
experiment showed similar changes with the occurrence of a pitting 
edema. Their calculations based on that data suggested that the 
increase in the tissue pressure was 3 - 5 x as important in the 
limiting of the loss of fluid as the increase in the colloid os-
mptic pressure. If ascitic fluid production is at all similar 
{and it is in many respects} this would lead us to believe that 
more than the colloid osmotic pressure must be considered. 
When Snell (321) observed the relationship that existed be-
tween the hypoproteinemia of cirrhosis and ascites in 1935, he 
realized tbat the serum albumin level was not the sole determinant 
Normal albumin levels were encountered (i.e., 3.5 - 4 grams%) in 
patients with ascites and low levels in some patients without as-
cites. He concluded that one must take into consideration not 
only hypoalbuminemia, bLlt also portal hypertension and chronic 
peritoneal irritation. 
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Tumen and B.ockus (347) also noted in their series two years 
later that hypoalbuminemia was o£ten present in the absence o£ 
ascites. They did not believe that the initial hypoalbuminemia 
was caused by the loss of protein into the ascitic fluid, but con-
sidered the low albumin to be contributing factor to the formation 
of the peritoneal fluid. 
Aldrich et al. (6} in 1938, Weech (366) in 1940 and others 
showed that the intravenous injection of concentrated human serum 
or plasma into patients with the hypoproteinemia of the nephrotic 
' 
syndrome did not produce the ~pected rise in the gerum protein 
cencentratiou. The loss of edema and the diuresis/if producedJwe~e 
temporary and disappointing. We can s.e·e in Table n of Butt ( 63) 
in 1939 that some of the patients with the 'low albumin and low 
c.o.P. did not bave ascites. 
~3S) , 
Stewar~~in 1941 showed that the specific gravity o£ the plas-
. . 
ma of cardiac patients (before, during and.after recovery from 
failure) when the subjec~were in water equilibrium was within 
normal range. The edema did not depend upon the level of the 
specific gravity of the plasma o~ the plasma proteins. Discrepan-
cies between their data and those of other workers were explained 
by the possibility that some patients were not in exact water 
equilibrium. They maintained that the dilution of the blood pre-
ceded the water diuresis ana. that the increase in the blood Vol-
ume was the stimulus initiating diuresis. The findings were simi-
lar when mercurials were used as diuretics. It was concluded that 
the plasma protein deficit definitely does not participate in the 
etiology of all cases of cardiac edema~ 
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~ Luetscher (215) in 1944 studied the movements of protein and 
c:) fluid in three patients with the nephrotic syndrome. He gave 
0 
them a single injection of human serum albumin and found a 25 per 
cent increase in the plasma volnme, a rise in the colloid osmotic 
pressuret an increase in the circulating albumin (always less than 
the amount injected). a small increase in the serum globulin and no 
clinical benefit. Within 4-8 hours 
1
most of the changes had aisap-
peared; the largest fraction of the circulating protein had been 
removed from the peripheral circulation and was not -to be account-
ed for by urinary loss. This paper thus presented evidence of the 
equilibrium that exists between the circulating and tissue pro-
teins and the transitory effect of increasing the serum albumin. 
Thus far we can see that the nutritional edema, nephrotic 
edema, cardiac edema and the ascites of cirrhosis have all been 
noted not to correlate specifically with derangements in the 
plasma proteins. 
In 1944JTurner and coworkers (348) reporting on the acute 
hepatitis in soldiers stated niu 12 :patients with ascites deter-
mination of plasma proteins was made at the time 
ascites was diagno5ed or soon thereafter, and the 
results were not significantly different from those 
in hepatitis patients without ascites or even in 
some normal individuals. It seems unlikely, then, 
that diminished colloid osmotic pressure o£ the plasma 
was a principle factor in the pathogenesis o~ the 
ascites. The nature of the fluid obtained from the 
peritoneal cavity of thjee patients indicated that 
capillary injury was responsible." 
-
In 19451 R~lli (284) reported that in four patients with por-
' 
tal cirrhosis and no ascites, the albumin levels were reduced to 
1.7 to 2.4 grams ~. These values were as low as those found in 
many of the patients who bad accumulated fluid in their peritoneal 
cavities. Two subjects who had previously lost their clinical 
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ascites and whose plasma albumin was reduced (1.8 and 2.6 grams 
% respectively) were followed over a longer time period. They 
were·found to have low albumin and no ascites for two months. 
Then the plasma albumin began to nise slowly after six months pad 
passed. She concluded that too much emphasis has been placed 
upon the albumin level as a critical factor in the production of 
·ascitic fluid and turned her attention to a possible antidiuretic 
factor. 
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Albright, Forbes and Reifenstein (5) in 1946 carried out a 
carefully controlled study on the delayed excretion of plasma pro-
_teins 1 that is the retention of intravenously administered pla-sma. 
'They measured the aliquot of the injected protein that was "burned" 
by comparing the N excretion to that normally excreted; the ali-
quot transformed to protoplasm by the decrease in the phosphorus 
and the potassium excretion (assuming that the plasma protein about 
to be converted to cellular protein must take up those in~redients) 
and finally the unchanged plasma protein. 
They also took into consideration the dynamic fact that the 
newly formed protein may be broken do~n with an increase in the 
excretion of potassium and phosphorus. These studies are note-
worthy since they demonstrate what probably occurs to the albu-
min given to cirrhotics or other patients. 
In that same year Labby (193) commented upon the fact that 
in infectious hepatitis ·the diuresis resulting from the use of 
concentrated albumin is not due to osmotic pressure alone. In 
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several cases the water loss had occurred 1 - 3 weeks after 
thera~y stopped. Since the adjustments in oncotic pressure take 
place immediately after the administration of the albumin, one 
must certainly assume that other factors control water balance in 
liver disease. We have already mentioned that some believe that 
the delayed diuresis was due to a general improvement in the nu-
trition and over-all health of the patieht. 
In one of the more important studies relating to the effects 
of plasma proteins and osmotic pressure on the extracellular flu-
' id concentration, Keys (181) presented results that many more re-
cent authors have quoted as evidence tending to cast doubt upon 
the Starling hypothesis. In subjects who bad an experimentally 
produced starvation edema, the plasma protein concentration fell 
only slightly and the A/G ratio remained within normal limits. 
The venous pressure was 50 per cent below normal. 
nThe assumption of actual equilibrium in such a 
dynamic situation as that at the capillary wall 
wotJ.ld seem to be unduly optimistic on a priori 
grounds. The fact of lymph flow is itself an 
indication of imperfect balance. It is well 
known that the prediction of rates of reactions 
or other events in non-equilibrium states from 
equilibrium is both hazardous and complicated. 
There is no reason to believe that the exchange 
between plasma and tissue fluid is an exception 
l • •· • It is concluded that there is a dynamj c 
nonequilibrium state of the capillary wall and, 
accordingly, calculations from equilibrium equa-
tions are inadmissable.n (181) 
As far as the present writer is concerned, we may well ac-
cept the data of Keys as evidence that there are considerations 
other than those of plasma protein levels that determine the 
accumulation and site of accumu+ation of the extracellular fluid. 
As far as his semantic wanderings are concerned, Keys is unduly 
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pessimistic. It appears that if there were a state of ndjnami!§ 
nonequilibriumn we could hardly expect any constancy of v-alues 
-
of protein levels and other factors within the body; homeostasis 
is hardly explained on. a nonequilibrium basis. The mere fact that 
J 
our measurements themselves are static and our methods and tech-
niques not refined enough to measure all of the factors involved 
is hardly reason for us not to postulate that these multiple fac-
tors do exist. If we look on these plasma protein values as not 
only having an influence but in turn being influenced by other 
events (water retention, capillary permeability? etc.) then it is 
nut difficult to believe that the production of extracellular flu-
id would not always be a direct function of the measurable o.o.P. 
At any rate Keys' experiments do militate against the low 
plasma proteins being the primary or sole determinant of the edema 
fluid although we may not agree with his reasoning as to cause and 
eff'"ect. 
Farnsworth (110) in 1948 found it difficult to reconcile the 
almost total absence of sodirum in the urine of cirrhotics with 
ascites with· the orthodox view of fluid retention on the basis of 
hypoproteinemia, portal obstruction or increased intraabdominal 
pressure. She felt that the renal tubules have an as yet undeter-
mined role. In the same year Armstrong (13) stated, nthe evidence 
thus-far accumulated does not mean that albumin.will bd 
effective in every cirrhotic patient. It is quite con-
ceivable that in an occasional patient with severe mecha-
nical obstruction to portal flow (increased portal capil-
lary permeability) an induced rise in serum albumin will 
be exaQtly balanced by a rise in the ascitic fluid albumn 
tne errec~ive osmotic pressure will not change and the 
ascites will remain. 
This statement was an excellent prediction of what so many workers 
have shown to be true in the past two years. 
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Patek, Ifunkin, Colcher, Lowell and Earle (268} in 1948 
used human albumin therapy in three patients with cirrhosis and 
ascites. In general, the formation of ascites as measured by 
weight gain and frequency of abdominal taps was not significantly 
altered. Their values for the plasma volume were initially high 
(as were Perera1 s (273) earlier). There was a rise in the total 
circulating albumin and the serum. albumin which was paralleled by 
\ 
the ascitic fluid albumin level. 
Two to three weeks after therapy, the serum albumin levels 
returned close to these original values. Therefore, it is clear 
that with the leakage of the protein into the ascitic fluid one 
could hardly expect abdominal fluid to be resorbed. On the first 
albumin injection, glomerular filtration rate and plasma flow rose> 
the latter more than the former. They concluded that the forma-
tion of ascites is not solely determined by the level of the plas-
ma colloid osmotic pressure, and suggest salt and water metabolism 
together with altered permeability of the portal vascular system 
as additional influences. 
One of the most interesting and important studies that have 
been carried out on the osmotic factors and their influence upon 
the asci tic fluid was reported by 1Kankin and Lowell ( 221) in 1948. 
Since the flow of fluid across the portal capillary membrane is 
controlled by the balance of the hydrostatic an_d colloid osmotic 
pressures on the both sides of the membrane (Starling hypothesis) 
~ 
they set out to measure each of the factors in relation to one 
another. 
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Their data suggest that there is .an osmotic equilibrium be-
tween the plasma and the ascitic fluid. The difference in the 
plasma colloid osmotic pressure and the ascitic fluid colloid 
osmotic pressure might be an index o~ the portal pressure, though 
this would have to be confirmed in the operating room. The fol-
lowing table from theii.' paper is noteworthy in that connectio·n. 
TABLE XIX 
(Hankin and Lowell (221)) 
Colloid Osmotic Pressure Differences B'etween Serum and Ascitic 
Fluid in·~arious Diseases: Correlation with Expected 
Degree of Eortal Cirrhosis 
Disease 'Serum Serum C.O.P. 
c.o.E. minus ascitic c.o.P. 
Laennec 1 s cirrhosis 
mm H20 mm H20 
(14 cases) 180-317 175 ::!:.. :30 : ;; 
l -Pottal venous thrombosis 
(1 case) 275-295 244 =£5 
Chronic glomerulonephritis 
in nephrotic phase 
.±_6 (2 cases} 87-129 86 
. 
Peritoneal tumors 
ovarian ca 
breast ca 
lymphosarcoma 242.-.310 110 i::. 20 
In. the course of their stcrdy l.Iankin and Lowell measured (in 
.10 cirrhotics) the colloid osmotic pressure of the serum and of 
the asciiiic fluid; the i·ntrap.eritoneal hydrostatic pressure and 
the ascitic fluid volume during the unmodified course of the for-
mation and loss of ascites. Then, to evaluate these factors they 
() experimentally altered the fluid balance by means of (1) mercupurm 
diuresis; used to incfease the colloid osmotic pressure of the 
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serum t.hrough the mee hanism of hemoconcentration; ( 2) by oral 
administration of isotonic sodium chloride to affect hemodilu-
90 
tion and decrease the plasma colloid pressure; (3) by intraperito-
neal injection of isotonic sodium chloride solution after with-
drawal of similar amount of ascitic fluid so as to study the 
effects of decreased oolloid osmotic pressure of the ascitic flu-
id; (4) intravenous injection of concentrated human serum albumin 
to incr·ease the serum colloid osmotic pressure. 
They found throughout this series of measurements that there 
is an ·approximate osmotic equili briLlm between the plasma and th·e 
ascitic fluid both during its loss and formation. The changes ob-
~erved under the ~perimental conditions mentioned above were in 
accord with the Starling hypothesis of osmotic balance. That is 
to say, increased plasma colloid osmotic pressure (induced by the 
-
mercurial diuresis) was followed by absorption of fluid from the 
abdominal cavity and by an increase in the colloid osmotie pres-
sure of the ascitic fluid, 
The decreased plasma colloid osmotic pressure (induced by the 
oral administration of isotonic sodium chloride) was followed by 
increased transudation into the peritoneal cavity and by a de-
~crease in the colloid osmotic pressure of the asci tic fluid. The 
decrease in the colloid osmotic pressure of the ascitic fluid 
(caused by intraperitoneal isotonic sodium chloride) v~s followed 
by a slight increase in the rate of the ascites formation, by in-
creased diffusion of the plasma proteins into the ascitic fluid, 
and by a decrease in the plasma colloid osmotic pressure. The 
increased plasma colloid osmotic pressure (induced by the intra-
venous albumin) did not cause a simple inc~ease in the resorption 
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of the ascitic fluid but resulted in a three-fold increase in the 
amount of protein transferred from the plasma into the ascitic 
fluidt and an increase in the colloid osmotic pressure of the 
ascitic fluid paralleling that of the plasma colloid osmotic 
pressure. 
This study is quoted in detail because it so graphically 
demonstrates the osmotic factors that influence the formation of 
ascites. We must realize that whether these factors are primary 
in the production of ascites or not (and they do not seem to be 
primary) they are the local events whose equilibrium ultimately 
will affect the fluid to be found in the abdomen. The antidiure~ 
tic hormone may cause the retention of fluid; the retention of 
salt and water may be the initiator of the series of eventst but 
eventually it is the balance at the capillary membrane that r " 
determin~ the direction and magnitude of the flow of fluid. 
This study also demonstrates quite clearly that the diffusion 
of plasma protein from the blood stream into the ascitic fluid is 
an important consideration in the formation of ascites, both in 
the unmodified course and after the experimental alteration of the 
osmotic balance. It also makes it clear that due to the r~pid 
diffusion of the albumin from the plasma to the ascitic fluid, 
albumin from the therapeutic standpoint~ will not always be effec-
tive. 
A long term evaluation of the use of humru1 serum albumin in 
the treatment of cirrhosis of the liver came from the Thorndyke 
Laboratory of the Boston &ity Hospital in 1949. Falcon and co-
workers (108, 109} treated with albumin 39 cirrhotics, 25 of whom 
had both edema and ascites. Of these, only 20 were followed for 
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the period of eight months. The change in ascites and edema was 
their main criterion of improvement. Although remarkable reco-
ver,y was observed in a few of the patients, they were forced to 
conclude that nhuman serum albumin, under the concLitions of this 
study, is neither specific for the relief of ascites 
nor markedly beneficial in the treatment of the under-
lying liver disease. In view o.f the variety of the 
results obtained with concentrated human serum albumin 
in patients with cirrhosis of the liver, it is concluded 
tbat other factors in addition to a reduced serum osmotic 
pressure, as represented by decreased serum albumin con-
centration, are active in the retention of fluid. tr 
. 
Their data showed that on t~eatmentJfour of the patients had 
an i~ediate diuresis with consequent loss of their ascites and 
edema; five had a slow response in one to three months, and two 
accumulations 
recovered from the: ext·:P§.~eii2]uHi.r fiu!'ejafter pro longed treatment 
of six and eight months respectively. The treatment (usually 
quantitated by the amount needed to maintain the serum albumin 
level at 3 - 4 grams %) was a failure in nine o.f the cases. 
We should also take cognizance of the fact that human serum 
albumin has been demonstrated to be a nutritionally adequate sub-
stance when it is supplemented by 1-tryptophane, and is as effiGa-
cious as the many different types of protein hydrolysates that 
ha~e been used in the past (92}. Therefore it is conceivable that 
I 
the long term improvement observed in se~eral of the patients was 
due to the nutritious effect of the diet. In the cases ~hat the 
albumin did produce diuresis 1the mechanism was not clear. 
Faloon and coworkers mention the fact'that the increase in 
the serum protein concentration may be an important factor, but 
they too observed that the protein of the ascitic fluid increased 
almost at an equal rate with tha~ of the b-lood. This suggested 
that portal hypertension may have a more important role in the 
0 
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development of ascites than has heretofore been recognized. They 
also state that in recent work on the role of the kidney {and 
salt and water balance} one must thoroughly evaluate the role of 
renal !unction before too hasty use of albumin. 
Patek (268) showed that when albumin is given intravenously 
there is an increased renal blood flow and glomerular filtration 
due to the increased plasma volume. Then there might follow an 
increased excretion of water and salt~ thus explaining the diure-
sis in a manner only indirectly related to the albumin therapy. 
Faloon also cautions against the precipitate use of albumin in 
view of the fact that in his series three deaths resulted £rom 
ruptured esophageal varices (presumably caused by the increased 
burden imposed in the dilated vessels by the increased blood 
volume.) 
Stahl (327) in 1949 in France also noted that osmotic factors 
alone could not account for the edema seen in liver disease. He 
felt that there was no simple relation between the serum albumin 
and the presence or absence o:f edema. Ilartin (223) in the same 
year,on the basis of elecgrophoretic studies of the globulin and 
albumin in liver disease, found low levels of albumin without 
manifest edema. watson and Greenberg (364) administered salt-
poor human albumin (25-100 grams) intravenously to s~ cirrhotics; 
.only two showed improvement. They caution against the use of al-
bumin due to the dangers of a febrile reaction or water retention 
even to the degree of causing fatal p~lmonary edema. The albwnin 
in their series did not cause diuresis. 
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llcKee and coworkers (231) in 1949 added salt to the diet of 
a dog with experi~entally produced ascites (constriction of the 
inferior Yena cava above the liver). This caused a depression 
of the plasma protein levels and the accumulation of ascitic 
fluid containing the lost protein. The administration of whole 
dog plasma containing the normal amount of circulating protein 
caused the accumulation of ascitic fluid, since while there was 
a rise in the circulating plasma protein there was also a great 
increase in the ascitic fluid protein, in fact a rise equivalent 
to 75 per cent of the injected plasma protein. 
Thus we see that the net effect was similar in these animals 
to that noted in humans who have received whole plasma for the 
treatment of ascites. The authors stated that the success of the 
treatment of ascites with salt-free albumin may be attributed 
more to the lack of salt than to the beneficial effects of the 
protein on the oncotic pressure. 
In a later experiment llcKee (230) administered ascitic fluid 
intravenously as a source of proteins to -the dogs with ascites. 
~he response ~as unfavorable due to the sodium chloride in the 
ascitic fluid. He noted that in the dogs accumulating ascityes 
the A/G ratio was often lower than it was in the circulating 
plasma; a fact that indicated that the globulin molecule was abun-
dant in the ascitic fluid and that these larger molecules are 
capable of penetrating cell barriers or membranes. 
In addition to the bulk of evidence thus far presented that 
points out the improbability that the plasma protein level is the 
sole determinant of ascitic fluid accumulation, we should mention 
the recent work of Dicker (85) on the closely related subject of 
0 
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famine edema. He pointedout that it is usually assumed that the 
famine edema is due to a decrease in the plasma colloid osmotic 
pressure caused by the dietary protein deficiency. The work of 
Keys, as noted, has cast serious doubt on that. Dicker shoNed 
that in protein deficient rats the starvation edema first appeared 
when the c.o.P. was normal and "there was no clear correlation 
between the degree of hypoproteinemia, the fall in the 
colloid osmotic pressure of the plasma and the magnitude 
of the extracellular fluid phase of tissues when tissue 
oedema had fully developed. Finally it was found that 
starved rats developed tissue oedema only when free 
access to water was allowed and that the increase of 
the extracellular space was pr.oportional to the amoo_nji· 
o:f water drunk by the animal. n 
K. Summary 
We should like to conclude that it is obvious that there are 
other factors in addition to plasma colloid osmotic pressure that 
influence the formation of ascites in cirrhotics. Patiehts with 
low c.o.P. often do not show ascites; others with high c.o.P. have 
ascites; experimental animals with norm~l colloid osmotic pressur-
es have ~eveloped ascites, and so forth. On the other hand, these 
observations certainly do not effect the validity of the work of 
Starling. Since the capillary membranes appear to be highly per-
meable to albumin,at least at the peritoneal cavity, we would 
hardly expect alteration_in the amounts of diffusable proteins to 
affect the fluid level in these compartments for any length of 
time. We should not forget, however, that the albumin level. 
is the substratum upon which the other factors act, and it must 
never be overlooked in our consideration of the numerous events 
that appear to affect fluid retention. 
VI. CJAPILLARY PERliEABILITY AND LYMPHATIC FLO\V 
nThere is mtwh evidence to indicate that the 
lymphatic capillaries are very permeablet 
and that they will allow even visible parti-
cles to pass into them witho~t much dif£ic~lty. 
Under th·e in£1uence of an increased rate of 
fluid transudation even a relatively protein-
rich tissue fluid would tend to pass into 
these vessels. Once it is within the lympha-
tics it can move only in one direction • • • tr 
Bard, 1941 (3 s>s-) 
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A. Introduction 
There is scarcely a paper that has b~en published recently 
on cirrhosis that does not mention the possibility that lymphatic 
flow and capillary permeability may play a role in the formation 
of ascites. They state that little is known about ·the capillary 
permeability and more research must be carried out before we can 
' 
evaluate the role of these factors in the formation of the peri-
toneal fluid. There are, however, a certain number of basic 
facts that are well lrnown about the formation of lymph and about 
the role of capillary permeability in edema. 
The lymphatic system is a highly branched arrangement of 
closed vessels that are in close relation to, but do not open to 
the extracellular spaces. The pressure within the lymphatics is 
very low (estimated o. 5 - 3. 0 mm Rg·) and the flow of the lymph is 
variable and not very great. The serous cavities of the body, in-
eluding the peritoneal, contain small amounts of tissue fluid that 
~ary with the fluctuations in water balance throughout the body; 
they are not directly connected to the lymphatic system. Drainage 
from the peritoneal cavity is know~ to be rapid especially from 
the under surface of the diaphragm. 
B. Lymphatic Circulation as Related to Ascites 
Ernest Starling was on~ of the pioneers in the study of the 
production and flow of lymphatic fluid throughout the body. In 
1894 (328) he made several observations that led him to state that ) 
the production of lymph is a function of the difference in the 
pressures of the blood in the capillaries and the fluid in the 
tissue spaces outside of them. In addition, for any given area, 
an increase in the intracapillary pressure or a decrease in the 
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extrac.apillary pressure must cause an increased transudation, and 
an increased lymph formation. 
Starling showed that the increase in the lymph flow that is 
observed after the. obstruction of the inferior vena cava above 
the diapnragm is derived solely from the liver lymphatics. In 
the course of his experiments he demonstrated that the liver 
capillaries were the highest in the scale of permeability. He 
also observed that the lymph flow is very sensitive to pressure 
changes throughout the body. 
that fluid could be absorbed from the peritoneal 
cavity very rapidly without an increase in the lymph flow of the 
thoracic duct. 
Early studies on the liver lymphatics and their relations 
were carried out by Sudler (339} in 1901. In the course of his 
description of· the anatomy of the gallbladder, he commented on 
the close relationship that existed between its lymphatics and 
those of the liver. He noted that the channels that ran upward 
over the gallbladder drained the liver lymph. 
Winkenwerder (380) in 1927, using India ink as an injection 
" . 
medium on anesthetized cats, concluded that in the cat there was 
no interchange between the lymph of the gallbladder and that of 
the liver. Mcaarrell {228} in 1941 disagreed with that ~ew and 
stated that there was a free and extensive connection between the 
liver and gallbladder lymphatics, that the composition o.f these 
two lymphs was identical, and that any substances injected into 
the liver were traceable to the lymphatics of the gallbladder. 
Re also noted that the protein content of the serum and the liver 
lymph were almost identical, and interpreted that f-inding a~;e~iqence 
that the liver cells are bathed in blood plasma. It is now 
accepted that there are two sets of lymphatics draining the 
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liver, a snperficial and a deep group of vessels. They drain for 
the most part to the diaphragm and to the nodes about the inferior 
vena cava. 
As far as the relationship of these lymphatics to the produc-
tion of ascitic fluid is concerned, Bolton and Banard (40) in 1931 
noted that when the inferior vena cava of cats was constricted 
with a band there was marked venous stagnation in the liver. They 
stateJthat nthere is an increase of lymph production and lymph 
stagnated-in the liver and leaks out of the capsule as 
ascites.n 
The liver blood flow and lymphatic flow were increased as 
compensation for the obstruction. Is it possible then that there 
is a simple leakage of the lymphatic fluid out into the peritoneal 
cavity under certain conditions? In connection with this, Nc!~st~ 
(235, 236) in 1937 introduced a technique for the study of lympha-
tic flow near the skin by means of intradermally injected dye. He 
demonstrated the effects of posture, muscular movement, massage, 
heat, and a variety of other conditions on lymphatic flow. 
When a cuff was placed on a limb and the cuff inflated to 
pressures far lower than those needed for the obliteration of the 
venous pulses, the subcutaneous lymph flow stopped immediately. 
There was an apparent accumulation of fluid during the period of 
occlusion, for when the cuff was removed lymph flow was faster 
than before. 
After those preliminary studies in normal individuals he 
proceeded to measure the flow in the edematous skin of patients 
with cardiac· disease. Over 100 tests in 20 cardiacs with edema 
showed evidence of stagnation of the lymph flow and incompetence 
' ' . 
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o~ the ljin~hatics. In the edematous skin o~ those 1tith nephri-
tic edema, the vessels were also wide o~en and they ~unctioned 
extraordinarily well. ~cnaster ex~lained the e~ficient ~low 
in the nephritic edema on a basis o~ decreased plasma ~roteins 
with a subsequent lowering o~ the colloid osmotic pressure (on 
occasion) below that o~ the capillary hydrostatic ~ressure, so 
that even more of the ~luid that was normally removed by the 
blood strea~ was carried by the lym~hatic channel. The flow was 
greater during ~luid equilibrium and was very ra~id in ~eriods of 
diuresis. Thus, we see in other diseased conditions involving 
increased venous ~ressures and disturbed oncotic nressure, there 
is also likely to be an upset in the lym~hatie flow. 
Hof~auer noted in 1947 (158) that in su~radia~hragmatie eon-
striction o~ the inferior vena cava in dogs the liwers were en-
gorged and the lym~hatic channels were dilated. 
Grindlay, Flock and Bollman (136) in 1948 observed an increa-
sed lym~h flow in dogs with a carbon tetrachloride cirrhosis and 
ascites. They were then led to believe that the ascitic ~luid 
production is due to live~ congestion and that the fluid might 
come either from the extrahe~atic lym~hatics or from the liver 
itself. Therefore, to ~reduce venous congestion of the liver, thw 
wrap~ed cello~hane bands about ~he in~erior vena cava above the 
dia~hragm. In 6 - 8 weeks the dogs had ascites, large livers, and 
dilated liver lymphatic channels. "Although the liver in each 
case showed venous engorgement, the s~leen portal vein 
and mesenteric lym~hatics were not engorged. The rate 
of flow of he~atie 1ym~h was greatly increased in these 
dogs and each had 2 - 3 liters of free fluid in the 
peritoneal cavity. Both lym~h and ascitic fluid were 
quite clear ••• plasma protein and cholesterol con-
centration in most dogs were slightly low •• ; ~rotein, 
cholesterol, phospholipid, and alkaline ~hosphatase con-
centrations were lower in he~atic lymph than in plasma 
and lower in asci tic fluid than in lymph. n 
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~ In a continnation of these studies and the comparison of 
~ two types of ascites, Volwiler, Grindlay and Bollman (357) in 
1950 observed that the ascitic fluid in the dogs with constricted 
~venae cav.ae had a very high protein content (see TableXV][) and 
appeared to be derived from the liver lymph. Those authors stated 
that due to anoxia and increased hydrostatic pressure there was 
an increased interstitial, fluid formation that may (1} transudate 
throQgh the liver capsule; or (2)-traverse the snbcapsular liver 
lymphatics and capsule; or (3} lastly, may transudate across the 
dilated hilar liver lymphatics, 
Fahr and Xoschnitzke (107}. in 1949 stated that the rate of 
lymph flow is a very imp~rtant factor in redncing the rate of 
accnmulation of the edema flnid ·nwhen ultrafiltration of plasma 
fluid into the interstitial spaces is accelerated. n 
-
'They cannulated three lymph vessels near the ankle of a dog and 
noted that after plasmapheresis,lymph flow was spontaneous. From 
• 
calculations of tissue and filtrations pressures they showed that 
one would expect a filtration of 0.5 cc per minute; since the 
lymph flow was measured at 0.3 cc per minnte, it is easy to see 
'how important a factor it is in the reduction of edema fluid. 
' 
Then there is the work of McGee (231) whose ~scitic dogs had 
aluminum band constriction of the inferior vena cava above the 
diaphragm. His earlier experiments in the ligation of the portal 
vein and the inferior vena cava below the diaphragm did not pro-
duce ascitic fluid. Therefore, it was concluded that the ascites 
results from the stasis of the blood in the liver sinusoids which 
then dilate, with the consequent transudation of the protein-con-
. taining fluid into the subcapsular lymphatics and the ultimate 
\ 
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accumulation of ft uid within the peri to neal cavity. 
We should remember that these cases of experimental ascites 
appear to be much more closely related to the ascites of conges-
tive hea~t failure, constrictive pericarditis or hepatic vein 
thrombosis, all of which result in the secondary congestion of 
the liver rather than the ascites of cirrhosis where there is a 
primary disru~tion in the architecture. However~ since the venous 
congestion may result in liver damage; since cirrhosis upsets the 
blood flow, one should be aware of the possibility tba~ lymphatic 
congestion may play a role in the ascites of cirrhosis. 
-- ' 
llore recent work was· carried out by NiK, Flock and Bollman 
(255), however, in animals with actual damage to their liver, -
damage that was produced not by circulatory derangements but 
through the repeated administration of carbon tetrachloride to 
rats. In their controls they found that the cisternal lymph of 
fasting rats had protein concentrations of 52 per cent that of 
the plasma; and that about 75 per cent of the total circulating 
plasma proteins passed through the cisternal lymph daily. 
The rats with the severe cirrhosis developed ascites and 
measurements showed that, nthe liver capillaries seem much mo·re 
permeable to protein~and the cisternal l?IDph is grea~ly 
augmented by the increased flow of he~at1c_1ymph_o£ 1n-
creased protein content. In the fast1ng c1rrhot1c rat 
protein equivalent to seven time~ the total circu~ati~g 
plasma protein passes into the c1sternal lymph da1ly. 
-
Additional information was gathered by NiK, Mann, Bollman, 
Grindlay and-Flock (256) in 1951. They measured the protein 
fractions and the rate of flow of hepatic and intestinal l~ph 
in normal dogs. Then they produced hepatic dama3e by constricting 
the inferior vena cava above the diaphragm in two ~ogs, and by 
t ~arbon tetrachloride vapor.. They found exposing a third dog o v 
:. , h 
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that in all the animals the hepatic lymph flow was 2 - 5 times 
that of the normal animals. The flow of the intestinal lymph 
was not increased in the dogs and was not influenced by the 
prexence of ascites. 
c. Capillary Eermeability and Ascites 
It has been known since the late 19th century that the ~apil­
lary pe.rmeability of the different organs of the bocly varies. 
Starling (330, 331) observed that the capillaries of the liver 
were the most permeable. Gunningham (77) reviewed the physiology 
of the serous membranes in 1926 and much of the £allowing para-
graph is taken from that excellent paper. 
It was not until after the theory of the cell had evolved 
that any definitive concepts as to th? structure of the peritoneal 
cavity appeared in the literature. Two of the early theories were 
first that the cavity was an integral part of the lymphatic system 
and secondly that it was a separate cavity lin~d 'by a special cell 
·type. 
The work of von Recklinghausen led the way to the modern con-
cepts about the peritoneal cavity. lie showed by means of silver 
nitrate stains that not only the blood vessels and lymphatics but 
also the peritoneal cavity is lined by a thin layer of cells ex-
cept in small areas where the lymphatics enter (stigmata and 
stomata). Then the various workers carried on a running dispute 
in the literature as to whether stomata and cytoplasmic bridges 
. 
actually existed. 
Uunningham repor.ted extensively on the theories o£ the absor-
ption of ~articulate matter from the peritoneum (starting with the 
absorption through stomata, then through potential spaces among tre 
I • 
104 
Q cells, and culminating in the conce_ption that all absorption 
Q takes place through the cells themselves}. Re felt that though 
most of the -movements 0~ "1 ~I '• "")•' r 1 • • ·' • ~ n o:f the f1 Llid of the 
peritoneum could be accounted for on a basis of diffusion and 
osmosis there was a specific limit in their capacity. Re states 
that the extra forces needed were to be found in the mechanical 
forces of respiration and in the active energy of the mesothelial 
cells in ab~orption. 
Landis (197}, a pioneer worker in the field of capillary per-
meability, observed in 1927 that capillaries which have sustained 
injury are more permeable to plasma protein and fluid. In 1928 
(198) he measured the effects of increased carbon dioxide tension, 
oxygen lack and increased acidity on the capillary permeability of 
the frog mesentery. Re found that they all contributed to increa-
sing permeability. The lowered oxygen tension permitted proteins 
to pass to so great an extent that the effective osmotic pressure 
of the plasma proteins was decreased to about one half of their 
normal value; he also observed that the outflow was determined by 
the relationship. between the capillary pressure and the colloid 
oEmotic pressure. 
Drinker(~~~) in 1927 had suggested that the high protein co~ 
tent of the fl. uid about the capillaries was due to the leakage of 
protein. Landis, in view o~ the fact that his experiments shewed 
that the lymph along neighboring areas of the same vessel can dif-
fer in protein composition, and that the lymph flow is constantly 
reversing its direction, believed that comparative studies of the 
1 t Yield definitive information as to the lymph and p asma ca11n0 
b·l·ty He regarded the capillary nature of the capillary permea ~ ~ • 
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wall as more of a passive filter about which the var,ving capillary 
pressures and oncotic pressures determined directional flow. 
Field and Drinker (116) in 1931 demonstrated.graded permeabi-
lity of the capillaries of the body to protein. They were among 
the earliest to recognize that in a consideration of the factors 
involved in the production of extracellular fluid not only the 
plasma colloid osmotic pressure and the capillary pressure, but 
also the tissue colloid osmotic pressure must be considered. 
They felt that lymph was essentially tissue fluid and that the 
various lymphatics differed only in protein concentration. 
Schechter; Cary, Carpentieri and Darrow (301) in 1931 demon-
strated that when a watery solution was placed in the peritoneal 
~avity it tended to assume ionic and osmotic equilibrium with the 
blood plasma. They found that the peritoneum acted as a semi~er­
meable membrane allowing fluid to come into rapid osmotic equili-
brium with the blood plasma. 
In 1932 Landis (201) demonstrated again that protein could 
pass through the capillary wall at high congestion pressures. It 
was suggested that the pa3sage was due to anoxemia, increased per-
meability and mechanical rupture; it seemed that the permeability 
varied with the degree of venous congestion. 
The concept of peritoneal absorption and "circulationn o:f 
asaitic fluid is an interesting one in the light of recent work. 
Field and Drinker (116} in 1931 had tested the permeability of 
b t Colloids. They injected 15 cc of horse the peritoneal mem rane o 
serum into the peritoneal cavity of dogs and then tested the blood 
They noted serum at 1/2 hour intervals. 
of the dogs for the horse 
half hour and definite evidence of it in 
a trace of the serum in a 
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two hours. Thus, an early demonstration o~ the fact that the 
capillaries of the peritoneal cavity were able to absorb protein. 
Those authors thought that the majority o~ the absorption took 
place through the omental vessels. 
Allen (8) in 1936 reopened the question of peritoneal stomata 
by his observations on the absorption of India i~~ and red blood 
cells ~rom the peritoneal cavity of mice. 
Allen and Vogt (7) in 1937 studied the serous cavities of 
rabbits through direct observation of the absorption of suspensiolE 
under different conditions. They stated that the sera-endothelial 
membrane is sieve-like physiologically and that the penetration 
of the memb~ane and the filling o~ the lymphatic lumen is an al-
most instantaneous process. The absorption took place as ~allows~ 
. nan increase in the volume o~ the lymphatic terminals is coinci-
dent with relaxation of subserous tissues. This results in a 
difference in pressure on either side of the seroendothelial. 
membrane which separates the lymphatic lumen from the peritoneal 
cavity and particles are r sucked' into the lymphatic lumen. n 
- - -Whipple (376) in 1942 studied hemoglobin and the plasma pro-
te~ns and was very much impressed by ~he speed with which the body 
can supply a needed protein. Ire used the terms ndynamic equili-
-
briumu to indicate the ebb and flow of protein between the cells 
and the plasma. lie stated that the body protein stores, protein 
production and so forth are in a well balanced and steady state. 
The protein can pass in and out of the cell membrane without the 
loss of nitrogen and it should not be too great a strain for us 
·1 the membrane of the to imagine that the protein eas1 y passes 
t The Work of YcGee extends these ideas to in-peritoneal cavi Y• 
· of ascitic fluid and the ascitic fluid pro-
elude the circulat1on 
tein in this balanced state. 
10'7 
Eahn and coworkers (139) in 1944 demonstrated with the use 
of radio-active iron incorporated in the hemoglobin o~ red cells 
that the absorption of the cells frDm the peritoneum was 20 - 100 
per cent complete in 24 hours. The course of:.absorption throug-h 
the peritoneum was to the lymph spaces of the diaphragm and peri-
~oneum, then to the lymphatics, lymph nodes, thoracic dt;_ct and 
venous system. 
This. leads us to the work of UcKee and coworkers (232) who, 
in 1948, when they carried out their experiments on dogs with 
inferior vena caval constriction above the diaphragm, noted that 
the variations in the accumulation and depletion of the ascitic 
fluid occurred at a rather rapid rate. They questioned, rrrs there 
a circulation of ascitic· fluid - in other words is the 
ascitic fluid constantly being added to from the portal 
circulation and constantly absorbed by the lymphatic 
apparatus in the diaphragm and pelvis?rr 
In view of the previous work (Hahn) it seemed that some absorp-
tion must take place. 
As r.rcKee continued work on ninternal plasmapheresis 1t ( deple-
tion of the body protein by the constant removal of ascitic fluid) 
he became convinced that there was a steady turnover of ascitic 
fluid, that there was a protein pool in a constant state of flux, 
with constant additions and depletions - all of which added up to 
a dynamic protein equilibrium. It suggested th~t there is a circa:-
lation between the peritoneal cavity and the blood plasma; that 
the·tissue proteins are easily exchanged through the circulation> 
tissa_e_ spaces and the peritoneal cavity. The fac.t that they ob-
served electrophoretic patterns in the ascitic fluid that were 
often equal and sometimes - · lo~er than those of the plasma, in-
ease V!
nth which the lcrge globulin molecules could 
dicated the '-'-
fE-38 through the V'bt-f'"i§us membrane barriers. 
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Those author-s c5D:t,;a1.f+e~ --~t:ld1.1t1.-0na;:t--probf b:)rt.1s.j;udying., C-14 
labeled lysine in dogs with constriction of the inferior vena cav~ 
The tagged lysine ~~s fed and incoxporated in the plasma proteins 
of donor dogs and could be followed through the body fluids ·with 
relative ease. The labeled plasma protein when injected intra-
venously into the ascitic dog disappeared from the circulation 
and reappeared in the ascitic fluid. On the other hand~ they 
also observed that when the labeled proteins were injected intra-
peritoneally into the ascitic dog there was a steady and fast 
movement of the protein into the circulating blood. 
The complete turnover took from 4 - 7 days (at times as 
short as 2- 5 days). The important fact is that they demonstra-
ted that the ascitic fluid is not a stagnant pool of protein but 
part of a dynamic eg_uili bri um of the so-called nasci tic f1 uid 
circulation "• 
In a further elaboration of this concept, KcKee (233) then 
measured the passage o~ radioactive erythrocytes from the peri-
toneal cavity into the blood stream in experimental ascites. The 
red cells tagged with the r~dioactive iron when injected into the 
peritoneal cavity were removed rapidly in the course of three 
days. The amount that appeared in the circulation compared favor-
ably with the amount that was seen in the normal animal excep~ t~ 
in the former the uptake was a bit slower and not as complete. 
D. Summary 
Since the significant work that has been carried out au the 
lymphatic flow duri~g cirrhosis is so very rece~t ana incomplete; 
it is difficult to assess its role in the over-all picture of 
fluid accumulation in the peritoneal cavity. Certainly, if the 
' ' 
10~ 
lymphatics were occluded one would expect that this might contri-
bute to ascitic.f!uid formation. There ia evidence, however, 
1 
that the reabsorption of the ascitic fluid does not take place 
entirely through the lymphatic stream, and that, at any rate, 
there is an increased lymphatic flow in cirrhosis. It is also 
. thought, at present, that there are no such things as uholesn 
in the peritoneal membrane, i,e,, the concept of ~eritoneal sto-
mata is· not accepted. 
Again, as far as capillary permeability is concerned, it 
appears that its role is xelatively insignificant. In view of the 
. 
fact that very large protein molecules are easily able to pene-
trate the membranes, one does not have to account for great in-
creases in permeability and inflammation of the capillary wall 
to explain localization in the peritoneal cavity. On evaluating 
the in£or.mation at hand, we cannot ~bsolutely exclude the possibi-
lity of the so ... called nrow,damrr at the peritoneal cavity, that is 
. -. 
an increased ~ermeability determining the l~alixation in hhe 
' , 
abdomen. 
It seems to tbis writer that the studies o:f 1ilcKee an.d others 
indicate that though there may be some alteration in the serous 
membranes in ascites, the normal physiology is not upset enough 
to explain the accumulation of fluid on a basis of a- :J.ee.lJ.:{;age.r:.~':; 
into this cavity whose membranes have suddenly become porous. 
we must also remember that the local anatom¥ is more compl~ than 
it appears on superficial observation (288). 
The peritoneal cavity is accumulating fluid in response to 
f that are acting unon it! and is responding as the multiple orces .F.:' 
one would expect, - in a physiologic manner. One cannot deny, 
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though, that increased permeability ma¥ be a contributing factor 
in localization of the fluid. 
0 
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VII. HORMONES AND EXTRACELLULAR FLUID .ACCUMULATION 
n The want for water by the blood and tissues, the 
dehydration o~ blood and tissue colloids, the blood 
dilution, and the abnormal tissue edema, are con-
trolled not only by osmotic and physicochemical 
forces that regulate swelling and dehydration, but 
also by a more rapid functioning central process 
. which by way of the vegetative midbrain controls 
water metabolism either nervously or'humorally 
through the various endocrine bodies. The central 
nerv.e harmonic control of the direction of the 
current between the blood and tissue systems is 
one of the most si.gnificant vi tal functions both 
in the lower organisms and in the life of the 
higher mammals; it not only controls diuresis but 
determines all biological £unctioning from cell 
growth to cell death. n ( 280) 
Pick, 1929 
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A. Introduction 
Pick ( 280} tells us that the earliest beliefs as to the 
mechanisms that control water balance were centered about the 
kidney. Various workers in the past found that the removal of 
both kidneys could be tolerated for a few days in the rabbit, 
and it was Magnus who found that only through the use of phospho-
rus and arsenic could he successfully evoke edema is his animals. 
Pick believed that the liver was one of the most important organs 
in the regulation of water metabolism. 
The fact that large quantities of fiuid pass through the por-
tal system and liver made Starling as early as 1900 r.eci~r~·~natt'$he 
liver was remarkably well ada~ted for water balance. Ba~er, Dale 
and Poulssen (23) in 1932 noted that the liver circulatian had a 
fine system of vasomotor adjustments and t~at here,homeostatic 
mechanisms might well be associated with fluid balance. fWe should 
note, however, that man does not have the nsluice mechanismn that 
-
has been described in dogs and the liver is not a true storehouse 
for blood as the spleen seems to be.7 
~ 
Pick also observed that a dog with an Eck fistula (communica-
tion between the portal vein and the inferior vena cava) had 
showed on its diuretic curve a quicker and more precipitous cou;r·se 
than that of the normal dog. He thought this was due to the fact 
that the hydremic portal blood is no longer collected and concen-
trated by the liver. He did not, how:ever, believe that the hydro-
dynamic function of the liver represented all of its action in 
fluid balance. 
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It had been noted by I'foliter and P;tck (247) that in 0ases 
of liver disease water was retained and that in experimental ani-
mals when the liYer was extirpated, severe edema resQltea.. Pick 
presented a scattering of evidence that there may be a diuretic 
liver hormone, but as he stated in 1929, the knowledge of any such 
hormone if it exists is in its infancy. 
B. Posterior Pituitary Antidiuretic Hormone 
a._ General considerations: There is a hormone of the posterior 
pituitary ~hat is of great significance in the regulation of 
pody uater. The earliest to demonstrate the presence of diuretic 
and antidiuretic substances in the pituitary were Shafer and 
Lagnus (3~~1 in 1900. Kamm and coworkers (172} in 1928 separated 
out the press~r and oxytoxic principles of the posterior pituitary 
and said that the pressor principle was responsible for the diure-
The view that is now generally accepted is that both normal 
water diuresis and the polyuria of diabedes insipidus are the re-
sult of a decrease in the amount of the antidiuretic hormone sup-
plied to the kidney. The antidiuretic effect is brought about by 
• 
an increased resorption at the thin segment of the nephron (Bur-
gess et al. (59)}. Klisiecki and coworkers (182) demonstrated 
' 
this hormonal control very clearly in their experiments on dogs 
with exteriorized ureters~ana. denervated kidneys. 
Goodman and Gilman (129) found that the antidiuretic hormone 
is excreted in the urine and stated that the need for water con-
servation is the stimulus for the secretion of the hormone. The 
t a. f dehydr_ated rats had a far greater con-urines they collec e rom 
0 
0 
centration o~ this substance than those of normal rats. 
It was ~ound by Verney (353) in 1946 that the diuretic e~­
~ect was conditioned by the osmotic pressure of the arterial plas-
ma. Therefore, he injected various hypo- and hypertonic salts 
into dogs, to determine _their, effects upon arine flow. When a 
hypertonic solution of Naal was injected into the carotid artery, 
there was a definite inhibition of urine flow. The magnitude of 
the response varied vnth the tonicity of the solution at a cons-
tant rate and :r;>eriod o~· injection. 
Two years later, Yerney (354) attempted to determine whether 
NaCl had a specific effect or whether its action was due to an 
increase in the osmotic pressure o~ the blood. By comparing the 
results of injections of various substances; he concluded that the 
action was an osmotic one, and he introduced the term rrosmorecep-
~ 
torsn for the elements in the neurohypophysis through whose acti-
vation the pituitary antidiuretic substance was released. He 
concluded, nthere can be little doubt that the antidiuretic se-
cretion o~ the neurohypophysis is a hormone in the physio-
logic sense and that its liberation is mainly and con-
tinually governed by the contemporary concentration of 
rq-aal in the carotid arterial plasma. n 
b. Urine Antidiuretic Substances and Cirrhosis: What is the 
relationship between this antidiuretic hormone and the formation 
of ascitic fluid in cirrhosis of the liver? Gilbert and Lere-
boiullet (127) observed in 1900 that cirrhotics had a decreased 
urine output. Jones and Eaton (170) in 1935 commented on the ab-
normal fluid accumulation in patients with acute and subacute 
liver disease and showed that the appearance of diuresis was a 
favorable prognostic sign. Soffer (325) in 1937 prqduced experi-
mental liver injury in dogs by means of arsphenamine ana noted 
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~ alterations in the water concentration and electrolyte balance. 
(He thought that there was kidney damage which might account for 
those effects}. 
Robinson and Farr (293) re-awakened interest in the antidiur~ 
tic titers of the urine and the blood o~ patients with cirrhosis 
and ascites, when they carried out clinical investigations of 
other disease conditions in 1940. They did rat bioassays on the 
urines of patients with Bright's disease, ~remenstrual edema, 
-
aushing1 s syndrome, and diabedes insipidus. The presence of 
clinical edema and an antidiuretic effect was correlated in the 
urine concentrates. When two of the patients with the nephrotic 
syndrome became edema free, the antidiuretic substance was no 
longer detected in their urines. 
Wour patients with the manifestations of acute nephritis 
whose edema could not be explained on a basis of hypoproteinemia 
were found to have urinary antidiuretic substances. In one of 
these patients studied after recovery, the antidiuretic substance 
had disappeared from the urine. When four'patient~ without edema 
were given pitressin they fuund a maximum antidiuretic effect in 
the first day with a subsequent fall. They had clinical edema 
in the first day and that too dro·pped off. The authors suggested 
that the patients manufactured a physiological antagonist to pit-
ressin. Though a number of the findings in this report we~e equi-
vocal it certainly did open a fruitful avenue fur further researc~ 
Iaann (222) in 1941 and Ratnoff and Patek (285) in 1942 also 
-mentioned the relation of the liver to fluid storage and retenmion 
Then in 1943 Adlersberg and Fox (3) devised a water tolerance test 
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<:) that they applied to patients with various types of liver dis-
ease. The water excretion in these liver disorders·was serious-
ly impaired. The test was of no use diagnostically in such ad-
vanced states as edema, hypoproteinemia, and ascites in cirrhosis, 
but their work provided another stepping stone in the evaluation 
of the liver in water regulation. 
0 
The first paper that mentioned a specific relations.hip be-
tween the liver disease and the antidiuretic substance in the 
urine was that of Ralli (284) in 1945. When she ~und that the 
albumin level of the plasma was an overemphasized factor in the 
.. production of ascites~ she turned to the investigation of the 
fl~id retention. 
As mentioned, the posterior pituitary hormone is regarded as 
a central controlling agent of water re-absorption from the kid-
ney tubules. On the possibility that the patients ~nth ascites 
might have an accumulation of fluid due to an excess of circula-
ting antidiuretic substa~e the urines of ascitic cirrhotics were 
assayed on rats. They carried out six types of experiments. (a) 
assay of known amounts of pitressin for antidiuretic activity; 
(b) assay of known amounts of pitressin subject to dialysis for 
antidiuretic acti¥ity; (c) assay of urine from normal individuals 
for antidiuretic activity; (d) assay of urine from patients with 
cirrhosis for·antidiuretic activity; (e) establishment of diuretic 
curves for the rat group when hydrated and given one ml of dis-
tilled water intraperitoneally; (f) total chloride in a, b, d, e. 
Then they hydrat~d the animals with fluid through gastric tubes, 
injected the urine intraperitoneally and found: 
0 
0 
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4 :patients normal human time for 25% excretion 97 min. ave. ( 75-
50% 
115) 
u 115 n rr (125.,.. 
185) 
3 IT with massive ascites and 
edema and cirrhosis 25% n 175-215 minutes 
50% If 225-370 n 
-
3 ll :previous ascites, cirrhosis 
no ascites at time of 
test 25og u 130-155 minutes 
so% n 160-215 n 
-
-
-
25% 2 Tt cirrhosis, never ascites IT 75-125 minutes 
50~ n 105-165 u I. 
It is clear from these observations that the urines of the :pa-
tients with ascites and cirrhosis had greater antidiuretic effect 
when injected into hydrated rats than did the urines of the pa-
tients without ascites. Ra11i said that the magnitude of the ef-
fect paralleled the severity of the ascites. They were unable to 
draw any definite condlusions as to the origin of the antidiuretic 
substance but the method used for its ~x:traction was the same as ~ 
usually used for the extraction of the antidiuretic substance of 
the pitllitary. 
Shay, Ko1m and Fels (310} fun 1945 fed a grou:p of rats a high 
fat diet and found that they retained excess water. They suggest 
that the mechanism of water retention might be through liver in~ 
jury due to the high fat diet, since liver injllry seems to be ass~ 
ciated with an antidiuretic effect. Leslie and Ralli (205) car-
ried out a similar experiment in 1947 and noted that the urines of 
rats on a high fat diet with or without NaCl had a marked antidiu-
retic effect; they confirmed the fact that when there was fluid r~ 
tention in these animals there v~s an increase in the antidiuretic 
substance in the ttt.~ik~. 
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Ralli (147) also reported in 1950 that when the disease 
improved the water tolerance test also improved. Normal patients 
when given the water tolerance test excreted 100 per cent of the 
water in 195 minQtes while patients with cirrhosis without asci-
tes excreted 82 per cent, and those with cirrhosis and ascites 
excreted 30 per cent of the water in that same period of time. 
To eliminate the factor of differing in·bestinal absorption she 
repeated the experiment giving the patients 1000 cc of 5 per cent 
glucose intravenously; the results were similar. 
Leslie et al. (206) did water tolerance tests on normal indi-
viduals and cirrhotics with and without ascites. They accounted 
for the effects of intraabdominal pressure on the rate of urine 
flow by testing the same patient before and after paracentesis. 
E~~n in the cirrhotic ~atients without ascites there was a defi-
nite retardation in the rate of urine flow. 
If we accept that fact that the urine of these patients does 
have an increased antidiuretic activity, we must now turn to an 
investigation of the oauses of this activity. Heller and Urban 
(151) in 1935 showed by in vitro experiments that certain biolo-
gical material (blood,serum, muscle, and liver) probably inacti-
vate the antidiuretic hormone of the pituitary by adsorption. The 
liver suspensions adsorbed and inactivated far greater quantities 
0f the hormone than did the other tissues. One might be led to 
speculate that in severely cirrhotic livers the inactivating capa-
city of the liv.er faT mhe antidiuretic hormone is decreased, 
thereby causing its accumulation and the subsequent retention of 
water. 
j 
\ 
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Another £actor that Ralli believes may be involved in the 
increased concentration of the hormone is dehydration. Ham and 
Landis (141} in 1942 reported that one subject who was moder~tely 
dehydrated had an increased amount of antidiuretic substance; in 
one of Ralli's patients a similar situation was noted. Ralli 
points our the obvious fact that the liver fruletions are not equa~ 
ly upset in all cirrhotics since some with ascites demonstrate the 
antidiuretic factor and others without ascites do not. She state~ 
11 in the patients in whom ascites has not occurred, it is probable 
that the capacity of the liver to detoxify certain substances is 
still intact." 
In add.itio·n to deto:z=ification and dehydration we should also 
consider osmotic and ionic factors. One may speculate that the 
secretion or the retention of the antidiuretic hormone is one of 
the primary factors in the formation of ascites with the portal 
hypertension and hypoalbuminemia accounting for the loo alization 
,of the fluid. If we postulate the excessive secretion o£ the 
antidiuretic hormone, we may say that that was caused by a primary 
retention of sodium (and as we shall point out in the next section 
some believe that to be true), with the increased sodium governing 
the release of c; ... L.::.- .. •· 'J.?'~ ~.: :'':. '.i of hormone. Of course, this; 
is all highly speculative. 
Since Ralli 1 s work in 1945, in addition to the papers on 
~ 
water retention already cited, others have published confirming or 
denying either her experimental results or explanations of them. 
Labby and Hoagland (193) in 1946 measured the thiocyanate 
space, total blood and plasma volumes in 14 patients with acute 
infectious hepatitis who were kept under rigid conditions of water 
balance. They fa und fl. uid shifts (expansion of blood, plasma and 
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thiocyanate spaces) in the acute phases of the disease and 
shrinkage in ~on~alescence. The serum protein 1 the total circu-
lating protein showed little alteration and bore little relation-
ship to the plasma volume. They suggested (referring to the work 
of Heller and Urban) that the normal liver inactivates the anti-
diuretic principle and maintains normal diuresis and body water 
content; that in the course of acute liver disease with the dif-
fuse damage there is interference with the inactivation of the 
antidiuretic substance, it accumulates and there is water re-
tent ion. 
In confirmation of Ralli 1.s work, Hall, Frame and Drill (140) 
iu 1949 assayed the urines of four patients vnth cirrhosis and 
ascites and four normals. Using the same assay technique as 
Ralli it was found that the urines of the former group had an ant~ 
J 
diuretic effect while those of the normal su.bjects did not. · The 
antidiuretic effect was comparable to that caused by 5 milli-units 
of pituitrin. They did not attempt to co~relate the severity of 
the disease with the ascites. 
On the other hand, they produced experimental injury to the 
livers of rats and carried out water tolerance tests. As opposed 
to the results of Shay, Kolm and Gells (310) and Leslie and Ralli 
(205) the rats with the hepatic lesions failed to show any abnor-
mality in water metabolism, nor did they dhow any urinary antidiu-
retic substances. It is clear that the problem has not uet been 
solved. 
Valeri (349) in 1949 confirmed the work of Ralli. His group 
compared the urine output curve of rabbits after administration of 
90 ml water and 10 ml ultrafiltrate of plasma of patients suffer-
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ing from either acute hepatitis, cirrhosis, or carcinoma, and 
~ observed that there was an antidiuretic substance not only in 
r. ' 0"" 
the urine but also in the plasma. There seemed to be a relation-
ship between the activity of the substance and the presence of 
·water retention (ascites and edema). They concluded that there 
must be a further relationship to the tendency of water retention 
in liver patients. Although the substance was an ultrafiltrate 
through collodin in an acid medium, just as is the antidiuretic 
hormone of the pituitary, they could not establish its absolute 
identity. 
Dicker (85) in 1950 noted that the urines of rats fed on 
protein deficient diets had an antidiuretic activity. When the 
rats were allowed to recover from their malnutrition edema the 
antidiuretic activity of their urines progressively decreased. 
They did not investigate·the nature of this activity. 
Birnie, Eversole, Boss, Osborn and Galmt (29) in 1950 be-
lieved that the antidiuretic substances fotmd in cases of liver 
dysfunction might be antidiuretics of hepatic origin, or possi-
bly substanc~s of hepatic origin which work through the stimula-
tion of the posterior pituitary antidiuretic hormone, or again 
the latter hormone itself acc~ulating since it is not being 
inactivated normally. 
• 
"Thus it is probable that the humoral agents 
affecting water metabolism are numerous and 
their interactions devious." 
c. Evidence against Posterior Pituitary Antidiuretic Hormone 
in Cirrhotic Fluid Retention 
0 
0 
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Shannon (308) in 1942 demonstrated that despite the 
-important role that ~he antidiuretic ho~one plays in water 
balance,the nephron appears to be able to reabsorb water against 
an osmotic gradient in the complete absence of the antidiuretic 
principle. He. said that the quantitative relationship between 
glomerular filtration and proximal tubular reabsorption, espe-
cially of the electrolytes, is an important determinant of the 
rate of water excretio~ normally. 
Patek et al. (268} in their study of three patients with 
cirrhosis and ascites in 1948 assayed the urines before, during 
and after the albumin injections, using the method of Ham and 
Landis. They had certain technical difficulties but felt that 
the antidiuretic substance does not necessarily correlate with 
the presenc·e of ascites. 
Theri there is the recent evidence of the important role that 
. 
sodium plays in the fo~ation of ascites. Falcon (108} in 1949 
showed the relationship between salt in the diet and the accumula-
of ascitic fluid. He pointed out that the retention of sodium is 
not one of the primar.y effects of the posterior pituitary hormone 
and that if there is an antidiuretic substance it probably is a 
sex hor.mone or one of the adrenal cortical hormones. However, in 
the present writer's opinion this does not necessarily hold for 
we may speculate just as easily that the sodium retention is pri-
mary and is then related to the secretion of the antidiuretic 
hormone through the osmoreceptors. 
Volwiler, Grindlay and Bollman (357) in 1950 noted that the 
experimental ascites produ·ced by ~he supradiaphragmatic constric-
tion of the inferior vena cava and that produced by the altera-
•· 
123 
~ tion of the venous circulation below the liver plus plasmaphere-
sis were slightly different (Table xvm). Thereforet they measured 
. 
the antidiuretic effects of the urine concentrates of the dogs 
as a possible explanation of the difference. Their assays on 
rats did not demonstrate any antidiuretic activity in the urine 
of the dogs with ascites produced by supradiaphragmatic inferior 
vena caval constriction. However, as we pointed out earlier 
this type of experimental ascites is not comparable in all res-
pects to the ascites of cirrhosis and the liver damage in the 
early stages certainly is not as severe. 
H. B. van Dyke (14) stated that in experiments in which the 
'nrines of cirrhotic patients are injected intravenously into hy-
·drated dogs there is no decrease in the urine formation or what 
decrease there is is accounted for on a basis of decreased glo-
merular filtration. Therefore, he believes that the effect ob-
served by Ralli should be explained on another basis (the exgract 
-
may interfere with the renal circulation of ·the rat and decrease 
the glom~rular filtration or it may for some reason cause the 
liberation of antidiuretic substances from the hypophysis of the 
rat). 
Ralli explains the differences in the effect on dogs and 
~ats by the method of testing. The rats were given intraperito-
neal and the dogs intravenous injections; her latest work seems 
to indicate that the route of administration makes a definite 
difference. Birnie (29) recently pointed out that the intraperi-
toneal injections have more antidiuretic activity than the sub-
co.taneous. 
0 
0 
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Van Dyke (350) stated that a better method of assay is 
needed, that is, one that does not require the removal of water 
or solutes from the urine. He proposed that the extracts used 
by previous workers may have had nonspecific antidiuretic effects. 
His assays were accordingly carried out on trained unanesthetized 
dogs, with pitressin as the standard of comparison. The urines 
of·only 50 per cent of the cirrhotics with 'ascites and 35 per 
cent of those without ascites had antidiuretic effects. He state& 
rr ••• an antidiuretic substance, apparently derived 
from the neurohypophysis, can b~ detected in low 
concentration in the urine of 35 ·to 50 per cent of 
patients with cirrhosis. Although some patients 
with ascites excrete hormone in a higher concentra-
tion than those without ascites, this factor is 
probably of minor, if any, importance in the pro- . 
duction of ascites.rr 
We should remember, as one discusser noted, that the division into 
patients with and without ascites is quite artificia~. 
c. Role of v. D. M. (Ferritin) in the Production of 
Ascites 
Shorr and·coworkers (3i3) opened new avenues for the study 
of shock, fluid balance, relationship of possible liver and kidney 
hormonal factors when he first published his papers in 1945 on 
V.E.M. and V.D.M. V.D.M. (vasodepressor material) and V.E.M. 
(vasoexaitor material) appear to be oppositely acting components 
of a homeostatic mechanism that regulates peripheral blood flow 
and Qlood pressure. The vasodepressor material is of hepatic 
origin; it depressed vasomotion, it increased the dilator phase 
of vasomotion and favor~hypotension. The vasoexcitor principle 
had .the opposite antagonistic effects and armses in the kidney. 
The renal vasoexcitor appeared in the initial compensatory 
or hyperreactive phase of shock; the V.D.M. during the following 
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decompensatory or hyporeactive phase. In 1948)~mzur and Shorr 
(226) identified V.D.M. as ferritin. In addition to iron trans-
port and storage, the ferritin-apoferritin system may play an 
important role in the regulation of the peripheral circnlation. 
It was snggested in 1947 by Fnrth arid Sobel (123) that the 
hypervolemia they saw in mice with granulosa cell tumors {and 
congested livers) was dne to an excessive amount of vasodepressor 
material and the phenomenon that they observed due to a dis:tnr-
. 
bance in the homeostatic vascular mechanism related to shock. 
It is well established that in certain di§eases of the liver 
there is an olignria. It wa·s also noted by Shorr {314} that 
cirrhotic rats (on the Gyorgy diet) invariably.had V.D.M. in 
saline washes of their livers. The significant hepatic distnrbanoo 
as far as this substance was concerned was the failnre of the liv~ 
to inactivate V.D.M. aerobically in vitro. The blood of the cirr-
hotic rats was also found to produce in normal test rats a moder-
ate vasode~ressor response indicative of v.n.M. Therefore, Shorr 
believed that in cirrhosis there was a disturbance of the V.D.M.-
V.E.M. mechanism so that the vascular bed was chronically under 
the decompenaatoxy inflnence of the V.D.M. and the cirrhotic rat 
predisposed to shock. 
Baez and coworkers (15)· fo~nd in 1948 that extracts of anaer~ 
bic liver chemically fractionated to concentrate the V.D.M. had a 
definite antidinretic effect when injected into the veins of dogs. 
In another series they determined the effect of V.D.M. on water 
diuresis and found in 10 - 15 minute periods a sustained 70 _ 80 
per cent redncti·on of the urine output. 
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The same groap (16) observed in 1949 that crystalline ferri-
tin from horse spleen and dog liver when given intravenously had 
a definite antidiaretic action; confirming the fact that in the 
' 
earlier experiments it was V.D.M. and not any imparities that had 
caused the antidiuresis. 
To evaluate all the data at hand, Shorr (17) in 1950 carried 
out experiments on dogs and rabbits, i.e., the determination of. 
the effects of the intravenous ad~inistration of V.D.M. on the 
diuretic response to oral and intravenous hydration. It appeared 
that the V.D.M. in the blood in experimental and clinical cirrho-
sis might be causally related to the oliguria, but they stat~d 
that the evidence~s still not much more than circumstantial. 
The hepatic V.D.M., the ferritin and the apoferritin all 
could exert antidiuretic effects; but they do not definitely clar~ 
fy the nature· of the oliguria. They explored the possibility that 
the antidiuretic action might be due to a depression of the renal 
excretory fanction secondary to a fall in the syst~mic blood pres-
sure. No significant changes in the blood pressure even during 
extreme oliguria occurred; therefore, this was not the cause of 
the oliguria. 
Of the 57 trials carried out using intravenous oral hydratio~ 
47 had definite antidiuretic responses. Five of the failures were 
explained on a basis of inadequate dosage and the animals respond-
ed 2ater to larger doses. The other five could not be satisfacto-
rily explained. They excluded on an experimental basis the possi-
bility that their response was hnphysiological. 
What can we conclude from the data gathered in V.D.ll. and 
V.E.M.? Does V.D.M. in cirrhosis with ascites exert an antidiure-
tic effect capable of explaining the ascites since it is unopposed 
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by V.E.r.i.? Shorr st~ted, "The :pre~ent ex:perim~nts throw no light 
on the mechan~sm through wh~ch the antidiu~esis is brought 
about by £erritin, whether by a direct action on tubular 
reabsorption or via the :posterior pituitar,y'by stimulation 
of the discharge of the :posterior pituitar,y antidiuretic 
principles. Both possibilities are now under investigation 
as is also the nature of the mlterations in renal excretory 
function during the oliguric episodes •••• These studies 
also provide no information as to the nature of the anti-
diuretic factors in the urine of experimental animals and 
patients with oliguria. Such evidence as we have at prese'rt 
regarding the extent of ferritin excretion in the urine, 
taken in conjunction with the ferritin requirements for the 
induction of antidiuresis in the test animal, would suggest 
that the urinary antidiuretic principle is not ferritin. n 
This agrees with the earlier observations of Stueck et al •. (338) 
in 1949 who mentioned that it seemed unlikely that ferritin was 
the antidiuretic substance that is found in the urine since their 
activity takes :place at different :pH palues. 
Shorr has re-evaluated this work and stated (312) that al-
though his antidiuretic substances are not identical with those 
in the oliguria urines of man the antidiuresis may still be ex-
plained on a basis of V.D.M. It was discovered that the blood 
and edema fluid of cirrhotics, cardiacs in congestive failure and 
nephrotics contained higher than normal ferritin titers. In a 
personal communication, he has told this writer that he is confi-
dent that it will eventually be shown that V.D.M. has a fundament~ 
role in the collections of ascitic fluid in cir~hotics, and that 
recent unpublished data points emphatically to the fact that the 
V.D.M. may acft in water retention through the posterior pituitary 
a~tidiuretic mechanism.(3ttO) 
D. Adrenal Cortex and Fluid Retention 
In the consideration of water balance we should briefly men-
tion the hormone of the adrenal cortex. As is well known>it is 
concerned mainly with the resorption of sodium and its effects 
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upon water metabolism are secondary. Corey and Britton (73) in 
~ 1941 believed that the posterior pituitary and the corticoadrenal 
tissue elaborated principles that specifically counteract one 
0 
another. 
Fine and Fishman (118) in 1942 observed that the adrenal 
cortical hormone increased the circulatory volume in adrenal cor-
tical insufficiency by the retention of sodium and water through 
the kidney and increased the transfer of electrolytes to the blood 
stream from the tissues. They then studied the effects of the 
adrenal cortical hormone on capillary permeability by the injec-
tion of various dyes into rabbits; they also examined the concen-
trations of plasma proteins in normal people, in patients with 
nephrosis and cirrhotics after the administration of desoxycortico-
sterone acetate~ It was found that the hormone had no effect on 
the capillary permeability. 
White, Heinbecker and Rolf (378) in 1949 showed that in nor-
mal, in simple and in total hypophysectomized dogs, anterior lobe 
- extract and thyroid extract increased the renal blood flow and the 
capacity of the renal tubules to transport diodrast at high plasma 
-
levels. They thought that the adrenal extract did not increase 
but might decrease the renal flow (though other workers do not 
agree with that). Due to their work and earlier evidence they 
believed that the anterior lobe of the hypophysis exerts a trophic 
influence on the kidney. 
Boss, Birnie and Gaunt (43) reported in 1950 that the primary 
action of the cortical hormones on water metabolism was to inhibit 
tubular reabsorption (if this is true, for it to be a factor in 
water retention in cirrhosis there would have to be a deficien-
cy of the adrenal cortical hormone). From a clinical standpoint 
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Q however, large doses of desoxycorticosterone lead to the reten-
tion of sodium and water. 
)· 
Zweifach and Shorr (384) in 1949 stated that the formation of 
V.E.M. by the kidney appears to depend upon the presence of the 
adrenal cortex, since the adrenalectomized animals do not appear 
to produce V .E.!I. in vitro. 
How we are to reconcile these many contradictory papers is 
a question that must be resolved in the future; at present, suf-
!ice that we conclude that there is no specific evidence at pres-
ent that the adrenal cortical hormones play a very important role 
in the production of ascites in cirrhotic patients, though in the 
thinking of some clinicians it is a factor of growing importance. 
(see Section VIII). 
E. Estrogens and Fluid Retention 
There are several facts that force us to consider the estro-
gens in the pathogenesis of the ascites of cirrhosis. ·In the 
first place, male cirr_hotics display many character-istics that one 
can easily explain on a ba~is of excess circulating estrogens; 
secondly, a number of investigators believe t·hat the liver is the 
source of ine.cti~ation of the estrogens; and thirdly, estrogens 
are often associated with water retention, increased blood volume 
and increased water content of muscles. 
Edmundson (97) reviewed the literature and studied eight 
additional patients with hepatic cirrhosis who developed gynecoma-
stia during the course of the dise~se. He noted that in all cases 
bilateral gynecomastia was preceded by the development of ascites. 
-...... 
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tt Morrione's review (249) in 1944 pointed out the fact that hepa-
tic damage is frequently associated with te'sticular atrophy. He 
stated that if the normal liver were to be ~egarded as an elimi-
nating agent against the action of the estrogens, then the testi-
cular atrophy would occur when the blood concentration rises above 
that amount which the liver can inactivate. 
Mithoefer and Bean (245) reported furt~er cases in 1949. In 
I 
addition to gynecomastia and testicular atrophy, feminine distri-
bution of body hair, loss of libido and skin changes have also 
been associated with cirrhosis of the liver in the male. 
Heller and Heller (150) in 1943 and others have demonstrated 
I 
that the estrogens are inactivated in the liver. Gilder and Hoag-
land (128) in 1946 found that the levels of:estrogens and 17-keto-
steroids in the urines of 11 adult males with acute infectious 
hepatitis was generally depressed early in the disease (when the 
liver was supposedly affected in a diffuse manner) and slowly re-
turned to normal late in the disease. This brought up the possi-
bility that the retention of the estrogens dccurred and with that, 
the retention of fluid. 
Labby and Hoagland (192) in 1949 studied a group of 14 patie~ 
I 
ts (young adult males) with acute infectious hepatitis. There was 
a large interstitial fluid compartment in the acute phase of the 
hepatitis. In addition, there was a tendency for tho~e patients 
I 
to retain ingested water (poor water tolerance tests). They did 
I 
not believe that the changes were related to
1 
any upset in the 
kidney function as the renal function tests were normal. With 
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improvement of the disease, the water retention slowly fell off. 
They suggested that the retention of the fluid was on an endo-
crine basis and leaned towards the estrogens (due to a lack of 
inactivation) as a cause of the fluid retention. 
However, the explanation is not so simple for as ingelfinger 
(324) pointed out, "In man an increased nriilary ontpnt of estro-
gens has been observed in male patients with cirrhosis, 
and patients with advanced hepatic disease do not appear 
to handle parenterally administered estrogen normally. 
On the other hand, normal endogenons estrogen levels are 
found in pregnant women with hepatitis, even in those 
suffering .from severe liver damage and hepatic coma." 
F. Summary 
It is rather clear at this point that the literature today is 
I 
remarkably confnsed with respect to the antidiuretic factors and 
their relation to cirrhosis. It is the opinion of this writer th~ 
they certainly mnst _be considered; the role (if any) of the pitni-
tary antidiuretic hormone would in the light of most recent inves-
tigations on salt be secondary to the sodinm retention- and if 
lack of inactivation plays a role it would have to be late in the 
disease when there is enough liver damage to explain the inactiva-
tion,-so that the ascitic fluid wonld probably have already accnm~ 
lated due to the other mentioned causes (hypoalbnminemia, increasm 
portal pressure, etc.) 
The adrenal cortex at present is no~ known to have any pri-
mar.y effect on water retention in cirrhosis. It certainly is far 
i 
too early to attempt to evaluate the role of ferritin in the pro-
dnction of ascites, but it apparently is not the antidiuretic snb-
stance t bat is found in the urine. Any place t bat it has in the 
etiology of ascites again wonld appear late in the disease when 
there is severe liver damage an~ apparently if it does prodnce a 
0 
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signi£icant antidiaresis it does so throagh the posterior pitai-
tary mechanism. Estrogens, if they play a part, do so late in 
the disease and merely help to re-en£orce an antidiaresis that 
is already present. 
0 
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VIII. THE ROLE OF ELECTROLYTES ( ESPECIALLY SODIUM) 
IN THE PRODUCTION OF EXTRACELLULAR FLUID 
RETENTION IN CIRRHOTICS 
"The living organism does not really exist in the 
milieu exterieur (the atmosphere if it breathes, 
salt or fresh water if that is its element) but 
in the liquid milieu interieur formed by the cir-
culating organic liquid which surrounds and bathes 
all the tissue elements; this is the lymph or plasma, 
the liquid part of the blood which, in the higher 
animals, is diffused through the tissues and forms 
the ensemble of the intercellular fluids and is the 
basis of all local nutrition and the common factor 
of all elementary changes. 
nThe stability of the milieu interieur is the primary 
condition for freedom and independence of existence; 
the mechanism which allows of this is that which en-
sures in the milieu interieur the maintenance of all 
the conditions necessary to the life of the elements." 
Claude Bernard (~fG} 
0 
c 
134 
A. Introdnction 
Since 1947, when Layne and Schemm (202) observed the benefi• 
cial effects of a low sodium diet combined with a high flnid in-
take, considerable interest has been aronsed and the literatnre is 
replete with reports on similar diets in cirrhosis. In order to 
understand the basic relationship that exists between salt reten-
tion and ~luid retention ~n cirrhosis, it is imperati'e that we r~ 
view the fundamental nature of salt and water balance in respect 
to the whole organism • 
. 
In his monograph on the electrolytes of the tissues and body 
fluids in 1940, Hastings (142) noted that with few reservations, 
the chemical stndies of tissues have led to the conclnsion that 
sodinm and chloride are best regarded as extracellular ions. One 
may estimate the amount of the ·extracellular and intracellnlar 
phase of tissues by their relative concentrations of sodium ana 
chloride. The proportion of extracellular and intracellular 
phases varies from tissue to tissne but in any one tissue the. 
proportions are normally relatively constant~ 
In the course of our review of the relation of sodium and 
extracellular fluids, we must consider various pathological states 
involving edema formation from which many fundamental observations 
have been made. Perhans the easiest extracellnlar flnid accumula-~ 
tions to explain are those of the edema of dehydration ana of mal-
nutrition. The edema of various chronic kidney disorders will 
next be considered. The edema of heart failnre is an especially 
·complex and controversial matter today and is of more importance 
0 
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to ns since recently stndies have indicated that great similari-
ties exist between flnid retention in cardiac decompensation and 
in cirrhosis of the liver. The final subject that we shall con-
sider is perhaps the most complex; the re~ation of cirrhosis of 
the liver, ascites and salt retention. 
B. Water, Sodium and Renal Fnnction 
In the exchange of water that takes place between the cells 
of the. body and the extracellnlar flnid, the main factors are 
those of the movement of the osmotically active substances that 
the cell membranes are impermeable to. The cell membranes may be 
considered as being relatively elastic and able to accomodate eas~ 
ly the increases and decreases in flnid content. We mnst conside~ 
as Peters (275) pointed ont, not the total osmotic pressnre bnt 
th t . 1 t. f 11 th t th tAtll: . t . e par ~a osmo ~c pressares o a e componen s a Ares ra~n-
ed from entering the cells by their ilmembrane" barriers. 
It was in 1922 that Baird and Haldane (19) concluded that the 
dinresis produced by drinking hypertonic salt solations is inde-
pendent within wide limits of the amount of water ingested. The 
salts appeared to be less mobile within the body than the movement 
of water. However, it has since been shown that water has an obl~ 
gatory relationship to the movements of various solates, and sodiun 
chloride has & @ar greater freedom of movement within the body. 
~eters (275, 277) stated, "The obligatio~ of water to u~ea ~nd 
related solutes is, therefore, ~nescapable, wh~le ~ts 
obligation to sodinm chloride is facultative depending 
upon the degree to which this salt is resorbed. Further-
more, sodiwm chloride enjoys a greater measure of free-
dome than water and holds a position of priority in the 
regulation of volume and effective osmotic pressure of 
the body flnids, which nltimately depend upon the quanti-
ties of salt and water resorbed by the renal tubnles. 
'f!rit:e can ~e free from salt, but a nrine free from water 
~s ~nconce~vable. n 
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In 1923, Van Slyke, Wu and McLean (351) studied the factors 
controlling the electrolyte and water distribution within the-
blood. They calculated that the same physicochemical laws defined 
for the sertun equilibritun of the cells govern the distribution of 
the electrolyte~ between the blood serum and the fiuids in serous 
cavities. ~he permeability of the membranes was thought to be 
different, how~ver, and the conditions such that exact osmotic 
equ~lity did not appear to exist between the serum and the serous 
cavity fluids. 
Bastings, Salvensen, Sendroy and Van Slyke (145) in 1927 
evaluated the previous work of Donnan, VanSlyke and others pn the 
distribution of electrolytes between transudates and the serum. 
In analyzing the serum and transudates of human subjects; they 
found that the HC03, Cl, Na and H deviated from unity as predicted 
by the G4bbs-Donnan law for similar heterogeneous systems. The 
distribution of serum and artificial salt solutions (approximating 
edema fluid in composition) after equilibrium across celloidin mem-
branes occurred, was similar to that of serum~and edema fluid in 
vivo. 
In 1935 Darrow and Yannet (78) working on dogs, monkeys and 
rabb~ts, induced loss of extracellular electrolyte vdth little 
change in tota1 body water and thenifuncrease in extracellular 
electrolyte with the same results. They found that the water and 
salt movements paralleled one another in the intracellular and 
extracellular compartments and that in their experiments there was 
~ no satisfactory reason why the kidneys failed to adjust the elec-
trolyte concentration. Is it also possible that in the ascites of 
cirrhosis there is a fundamental dysfunction in the intracellular 
0 
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extracellular balance that is primary in the fluid retention? 
Darrow and Yannet stated: "Whatever facts about renal adjustment 
of water volume are discovered, or whatever knowledge 
concerning permeability of cellular membranes and the 
actual volumes of the various types of body fluids is 
developed, the present experiments demontrate that dis-
turbance in the distribution of body water can occur and 
induce grave symptoms even when body water is little 
changed. n 
Hastings and Eichelberger (143) in 1937 studied the salt and water 
exchange between muscle and blood, and showed, through the use of 
isotonic solutions in states of acidosis and alkalosis, how water 
and salt tend to move· together. 
Recently, in 1949; Dean and :McCance (83) found that when hy-
pertonic saline was administered to normal adults after 15 hours 
without water (a} the urine flow increased rapidly and then fell 
off at first precipitately and later more slowly; (b) the glomeru-
lar filtration rose at the same time but returned to normal long 
before the diuresis subsided. Goodyer (133) and coworkers stated 
that those experiments support "the hypothesis that the increased 
·excretion of sodium affected by hypertonic solutions is 
at least in part a direct response to the increased 
extracellular (and intracellular) tonicity.n · 
-
Blake, Wegria, Ward and Frank (32) in 1950 reiterated that 
the sodium regulation depends upon the balance of glomerular fil-
tration and tubular reabsorption. If the rate of reabsorption 
were dependent upon the glomerular filtration with a fixed maximal 
sodium transfer, then the rate of excretion of sod~um would be 
dependent upon the rate of glomerular filtration. Most of the 
evidence does not favor that viewpoint and they added to the 
store of information against it. In brief, they exteriorized the 
0 ureter$ of 15 dogs and placed Goldblatt clamps on their right renal 
artery. The animals were given intravenous injections of hypo-
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tonic, hypertonic and isotonic saline. · They ~oncluded that if 
on~y intrarenal factors are to be considered it is likely that 
the rate of flow of urine through the tubules and the sodium con-
centration of the plasma are more important than the glomerular 
filtration. 
In summary of the events that take place with regards salt 
and water at the tubules, it is well knoWn that the glomerular fil-
trate is virtually a protein-free ultrafiltrate of the plasma. In 
the proximal tubule most of the sodium and about 80 per cent of the 
filtered water are reabsorbed. In the thin segment of the loop 
of Henle still more water is removed from the fi~rate. In the 
distal convoluted tubule, we have the final fac~ltative resorption 
of water ana salt. 
• We may state that although the water and salt tend to move 
together, salt has the g~eater freedom. As far as edema fluid is 
concerned the priority of salt .over water is clear since the so-
dium level of the plasma is the main determiner of the water re-
absorption (through the antidiuretic hormone) and since there is a 
certain minimum of water that must be put out with the solutes of 
the bo~ while there is no necessity for the loss of sodium (275, 
276, 277). 
C. Hormonal Factors in Water and Salt Regulation 
The hormone of the posterior pituitary acts upon the loop of 
Henle of the nephron and promotes the tubular reabsorption of 
water. When the posterior pituitary activity is maximal, the 
urine volume will be reduced to the smallest amo1mt that is com-
~ patible with the excretion of the necessary solutes. 
0 
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The work o£ Verney (354) has demonstrated that the normal 
stimulus to the secretion of this hormone is the plasma effective 
osmotic pressure 9 which in turn is largely determined by the 
sodium concentration. It is felt by most workers that the anti-
diuretic hormone per se has no direct effect upon the sodium leve~ 
of the body. 
Shannon (308, 309) in 1942 believed that in diabedes insipi-
dus there is an increase in the reabsorptive capacity of the pro-
ximal tubules for sodium and an upset in the distal tubules for 
the active reabsorption of water. He examined the possibility . 
that the antidiuretic hormone has a direct inhibitory effect on 
sodium resorption in the proximal tubule by the direct intravenous 
in£usion o£ antidiuretic substance, He stated that there is a 
signi£icant depression o£ the absorption of sodium and chloride at 
physiologic levels o£ antidiuretic hormone administration. How-
ever, "A de£iciency of the antidiuretic hormone during such a 
diuresis may be expected to enhance the reabsorptive capa-
city o£ the proximal _tubule for sodium and thus permit 
water to be discarded and sodium to be retained. In this 
view, the hormone is important in the regulation o£ water· 
balance per se and only incidentally o£ sodium." 
As mentioned earlier9 it was in 1946 that Verney demonstrated 
that there appeared to be osmoreceptors in the region o£ the hypo-
thalamus and posterior pituitary that regulated the water reabsor-
ption and was in£1uenced by the sodirum concentration of the plasm~ 
In 1949 Stahl (327) in France noted that he could increase 
the edema in patients with liver disease by the administration of 
sodium chloride. He suggested that the edema and water retention 
in general is due to an increased sodium and water retention go-
verned by the increased sodium reabsorption through hormonal in-
fluence. O'Connor (257) in 1950 suggested that the neurohypophy-
• f 
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4lt seal hormone inflQenced NaCl excretion by the kidney. 
There is evidence that a hormone governs the reabsorption 
of sodiwm from the kidney tubules. The hormone appears to be 
identical with the. synthetic steroid, desoxycorticosterone acetata 
In adrenalcortical insQffieiency (i.e., in Addison's disease or 
in adrenalectomized animals) there is a diminished tubQlar absorp-
tion of sodium and a severe depletion of the sodium in the plasma 
(along with an increase in the plasma potassium ). We must remem-
ber that in any discussion of the retention of either water or 
sodium we must consider the antecedent state of hydration of the 
indi vj, dual. 
D. Malnutrition, Chronic Kidney Disease; Their Relation to Edema 
Among the early studies carried out on extracellular fluid 
accumulation were those at the end of World War I,when British 
workers noted the decreased plasma protein levels in pati~nts with 
malnutrition and edema. In l930,Moore and Van Sly~e (248) obser-
ved the influence that salt had on the production of edema in pa-
tients with glomerulonephritis. The withdrawal of salt lessened 
the edema; the a·ddition of salt to the diet produced edema. 
Fahr, Kerhof and Giere (106) in 1931 reported that in their 
experimental animals with low plasma colloids massive edema often 
appeared when the animals were on relatively high salt diets. Th~ 
felt that the discrepancies that existed between their work and 
that of others in the production of edema through plasmapheresis 
was due to the large amounts of saline that the other workers in-
It fused into the animals. The low protein gave':; the animal noedem-
ber.ei tschaft" or nedema tendencyn while the sodium chloride causad 
0 
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actnal edema and ascitic flnid accnmulation. They also believed 
that their experiments demonstrateJthat it is not necessary to 
have any renal insnfficiency for the prodnction o~ edema. 
Mackay and Butler ,(216) four years later measnred the effects 
of moderate amonnts of potassium on the mineral and water balance 
of two normal snbjects and two patients - one with nephrosis and 
the second with advanced hemorrhagic Bright's disease. The infn-
-
sion of 5 to 10 grams of KOl did not increase significantly the 
excretion of sodium or the prodnction of edema flnid. 
'0 1 Leary and Corson (259) in 1948 produced hypoproteinemia in 
five dogs by means of low protein diet and plasmapheresis. Renal 
clearance stndies then indicated that the glomernlar filtration 
rate was decreased consistently (althongh slightly). The plasma 
colloid osmotic pressnre was decreased bnt ther~ was no increase 
in the renal plasma filtration fraction. 
Michie (244) in 1949 administered salt-poor albnwin to normal 
subjects and noted an increased plasma volnme, increased extra-
cellnlar flnid volnme and increased venons pressnre. The kidney 
changes were a renal hyperemia and an apparent relaxation of ef-
ferent arteriolar tone. When 75 grams of salt~free albnmin was 
given intravenon~ly in 20 minntes the renal plasma flow increased 
to 700 cc/minnt~. 
Boyd (44) id 1949 believed that one cannot compare directly 
the hypoalbuminemia of the degenerative stage of glomernlonephri-
tis with edema and the hypoalbuminemia of the cirrhotics with 
ascites. Althongh there is no adeqnate explanation of the de-
~ creased plasma protein, the fact that the liver fnnction in the 
nephrotic patients~s normal was snfficient to indicate to him 
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that different mechanisms ~ay be at work. 
Dicker (85) in 1950 attempted to clarify some of the factors 
involved in the edema associated with hypoproteinemia. He in-
vestigated the extracellular fluid phase and the. kidney function 
in protein deficient rats whose edema seemed to precede their 
hypoproteinemia. The rats exhibited a decrease in their total 
water load. The total sodium and chloride excreted per 24 hours 
was decreased. 
The initial decrease in the water excretion coincided with 
a measurable increase in the water retention of the extracellular 
fluid; the decreased ur~nary concentration of sodium and chloride 
coincided with a marked increase in the extracellular fluid. The 
clearance measurements demonstrated that soon after the protein 
deficient diet was instituted the mean glomerular filtration rate 
decreased, though there was an increase in the tubular reabsorption 
of water. 
After several weeks on this diet, the glomerular filtration 
rate was closely related to the urine flow and at that time the 
sodium and chloride clearances were depressed. They observed an 
antidiuretic substance in the urines of these rats; the antidiu-
retic activity coincided with the decreased glomerular filtration 
rate, increased tubular reabsorption and the decreased renal res-
ponse to water. He concluded: 11 a renal factor is involved in the 
onset and maintenance of the oedema of protein deficiency." 
In 1948 Cargill (67) said that in human subjects an intra-
venous. infusion of 75 grams of concentrated human serum albumin 
often caused dit~esis; that as others had pointed out the imn1e-
0 
diate result is an increase in the plasma volume and'therefore 
in the total circulating protein, and that the albumin con~en­
tration and oncotic pressures were not necessarily altered. 
There was an increase in the renal filtration rate and the 
renal blood flow with an increased clearance and a decreased 
tubular extraction of sodium para-aminohippurate. 
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He suggested that the decreased extraction may be explained 
by the opening of accessory vascular channels through the kidney 
so as to accomodate the increased blood volume. He felt·that 
this idea was supported by the observation that two patients 
with advanced renal disease showed the greatest and longest fall 
of pava-aminohippurate extraction (due to the fact that the 
shunts are most prominent in the granular contracted diseased 
kidney). 
Goodyer, Relman and Peterson (132) in 1949 demonstrated that 
when normal subjects. we.re loaded with 0.2 per cent salt solution 
and then were injected with serum albumin ahe excretion of water 
and salt was revarded. Welt and Orloff (371) in 1949 found that 
when 25 per cent albumin was injected, the excretion of sodium was 
diminished and not that of water; when 4 per cent albumin was used 
neither water nor sodium excretion was diminished. 
Peters (27~) explains these discrepancies on the basis of the 
varying water load carried by the subjects in the different ex-
periments. 
Patek, Seegal and Bevans (270) reported in 1951 on a series 
of patients who had cirrhosis of the liver with concomitant glo-
merulonephritis. The association was found in 14 of 200 cases of 
cirrhosis. This 7 per cent incidence appeared to be greater than 
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~ the normal expectancy. It is,unlikely,however~that any of the 
Rases that previous authors have reported on had severe or ob-
vious kidney ~a~age and we do not have to give serious consi-
deration to that observation at present. 
c 
Orloff and Blake (261) in 1951 studied the effect of salt-
poor human albumin on water and electrolyte excretion in hydra-
ted and hydropenic dogs. 
11 In hydrated animals the administration of albumin 
was associated with increases in urine flow and 
sodium and potassium excretion. In hydropenic 
animals the increase in urine flow was less consis-
tent. Sodium excretion was unaltered, with one · 
exception, and potassium excretion was increased. 
Both exogenous and endogenous posterior pituitary 
hormone inhibited the diuretic action of albumin.n 
It could not be determined whether it was the elevation in the 
colloid osmotic· pressure 1 the plasma ~olume, or some other factor 
that was the stimulus resulting in the increased urine flow. 
They suggested that the albumin had its primary effect upon the 
urine flow and that changes in salt excretion depend upon the 
conditions of the experiment rather than the direct action of 
albumin. 
nAlbumin may act by interfering with the availability 
o~ action of antidiuretic hormone either by inhibiting 
its release or by dilutinw circulating hormone. The 
latter seems less likely. 
How may we assess all these experiments on the effect of 
albumin increase and that of hypoalbuminemia on the kidney func-
tion and sodium balance?.' P·eters (275, 277) stated that in the 
human experiments with albumin infusion there was an expansion 
in the plasma volume. 
"These experiments su.ggest that hemoconcentration; 
evidenced by increase of colloid osmotic pressure, 
promotes reabsorption of sodium salts, while ex-
pansion of the volume of the circulating blood 
0 
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inhibits the reabsorption of sodium salt.11 
If this were true it should be clear that the action of albumin 
would depend upon its relative action on the colloid osmotic 
pressure and the fluid volume. (However in most cirrhotics with 
ascites we have a decreased colloid osmotic pressure and a de-
crease in the sodium excretion showing that that situation is 
much more complex). 
n ••• the effects of increased capillary pressure 
might not be identical with that of decreased colloid 
osmotic pressure. iJIJhen serum albumin is low and 
there is a large body of edema ~luid available, the 
expansion of the plasma volume will be maximal; serum 
albumin cannot increase to an inhibitory level. In 
the normal or dehydrated person the plasma volume 
will increase proportionally less than the colloid 
osmotic pressure, which will, therefore, become the 
determining factor.n (275, 277) 
How can we explain the edema of malnutrition or of nephrosis 
mentioned earlier in this section? We have seen that salt tends 
to aggravate the edema, and it is known that if a diet restricting 
salt is used any edema that reaccumulates will be proportional to 
the amount of sodium present. The following series of events has 
been proposed by Peters and others. 
First, due to the malnutrition or the nephrosis there is a 
decrease in the plasma proteins. The hypoalbuminemia causes the 
loss of fluid to the extracellular space. The decreased blood 
volume acts as a stimulus to the adrenal cortex which causes an 
increased reabsorption of sodium. The hypernatre~ia stimulates 
the osmoreceptors and the antidiuretic hormone is released from 
the neurohypophysis. This continues until there is set up an 
~ equilibrium between the fluid that is lost ~rom the blood stream 
and returned to it. 
E. Extracellular Fluid Volume in Various Hypoproteinemic 
States 
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Water is the single most important component of the human 
body. It is arbitrarily divided into the intracellular and the 
extracellular fluid compartments, which maintain their integrity 
because of the selectively permeable cell membrane that separates 
them. Many studies have been made of the extracellular volume in 
various pathological conditions. Recently, mew techniques ~ave 
been introduced for the measurement of the total body water. 
As Steele (333) pointed out the low values obtained through 
I 
the use of these more delicate and accurate techniqQes have made 
it necessary to re-evaluate the previous measurements of the ex-
tracellular volume. The measurements of extracellular volume 
through the use of bromide, sodium, chloride, thiocyanate and 
other substances is fraught with a number of theoretical and 
. 
practical chances for error. At any rate,cognizant of the fact 
tba t these absolute values may be incorrect we shall present 
some of the pertinent data on the extracellular volume measure-
ments so as to determine the general trend of fluid movements 
during the various types of edema. The other important measure-
ment that is not always as accurate as workers would like, is that 
which determines the plasma volume as distinct from interstitial 
fluid in the human. We have already presented the interpretation 
of Peters on certain of the alterations in the extracellular volume. 
Stewart and Rourke (336) in 1942 invest~gated the effects 
of large intravenous infusions on body fluid. The saline infu-
sions mobilized plasma protein, and they stated, "presumably, 
large increases in plasma and extracellular·fluid 
volume as brought about by saline infusions, would 
0 
0 
be accompanied. by increases in lymph and, if so, 
that total amount of extravascular circulating 
protein might also be augmented. 11 
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In 1945 Metkoff, Favour and Stare (242) put rats on an acute 
protein deficient diet. In addition to the lowering of the plas-
ma proteins that resulted, there was a decrease in the plasma 
volume. The deficiency was also associated with hemoconcentra-
tion. In chronic protein deficiency, although the plasma pro-
tein and the hemoglobin were little affected, the plasma volume 
and cell volume were significantly diminished. 
In 1946 1Perera (274) remarked that since there seemed to be 
an increased plasma volume in patients with right-sided cardiac 
failure, it might be possible that there is a similar relation 
between the portal hypertension and plasma volume in cirrhoti~s. 
He injected 1:-1824 dye, then tapped the patients with ascites. 
The plasma volume was more than 10 per cent higher than no~1al 
in seven of the ten cirrhotics with ascites studied. Perera be-
lieved that the increase was associated with the portal hyperten-
sion and the development of collateral venous channels. All of 
the cases with the increased plasma volume showed at autopsy or 
in the operating room definite collateral venous channels. Thus, 
-
the distention behind the portal bed and the increased collateral 
channels seemed to explain the increased plasma volume. 
In 1948 Corson and O'Leary (74) rendered three dogs hypopro-
teinemic by means of a low protein diet and plasmapheresis. They 
then administered sodium chloride orally and intravenously and 
found in 16 of 20 experiments that there was no change or a slight 
decrease in the extracellular space as measured by the thiocyanate 
method. In only four of the 20 experiments w~re·uhe~e~innreases~ 
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in the extracellular space; , · t·" this coincided with a signifi-
() cant fall in the hematocrit. When Ferraro, F~iedman and Morelli 
(114) measured the extracellular space by the bromice method, 
the sodium bromide diffused freely into the ascitic fluid and 
it was difficult to'determine the extracellular compartments 
accurately. 
In passing,, we should note that workers who have treated 
various diseases (for example, hypertension) with a low salt 
diet or a rice diet have found that the plasma volume and the 
extravascular thiocyanate space show significant decreases in 
3 - 4 months. The blood volume, according to Murphy (251) showed 
a greater decrease than estimated; there was also a significant 
decrease in the total circulating ·protein and in the total extra-
cellular sodium. 
A significant finding is that of Davidson and coworkers (79) 
who suggested that in cirrhosis with ascites there is a decreased 
plasma volume especially after paracentesis and a hemoconcentra-
tion that is vitally important and perhaps a primary factor ini-
tiating the various homeostatic mechanisms,(as we shall mention 
later~ 
F. Congestive Heart Failure and Edema 
It has been known clinically over a period of years that 
there is a connection between the formation of edema and the salt 
intake in cardiac patients. Fejfar (113) stated that Widal in 
1909 recognized the beneficial effects of a low salt diet in 
certain forms of he~t disease. However, due to the general 
() acceptance of the theory of nbackward failuren, which stressed 
the role of water and placed salts in a secondary position, not 
too much attention was paid to salt restriction in patients with 
0 
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cardiac disease. 
The nbackward failure" theory (of" the so-called "Starling 
theoryn) of cardiac failure assumes that due to an inability of 
the heart to meet the demands of the body there is a backing 
up of the blood and an increased venous and capillary pressure. 
The venous stasis that causes the rise in the capillary pressure 
promotes transudation of fluid to the extracellular spaces. The 
following course of events would be similar to that of the hypo-
proteinemic edemas. (Theoretically then, the blood volume may 
decrease and the1 hemoconcentration cause a stimulation of the 
.. 
adrenal cortex to resorb more sodium. The hypernatremia would 
stimulate the osmpreceptors of the hypot~alamic-posterior_pitui­
tary axis and water thereby be retained in excess amounts.) 
Recent work has raised the.question ~f the validity of that 
theory. Schroeder (301) in 1941, to evaluate the relative role 
of water and sodium, selected 23 patients with severe heart 
failure and put them on a low salt diet. The reduction in the 
salt intake was accompanied by a decrease in the amount of the 
edema fluid and by a loss of weight. When salt was then added 
to the diet, weight was soon gained. He also observed that the 
fluid intake had little relation to the accumulation or the dis-
appearance of the edema when the salt intake was low enough. 
The next year1 Futcher and Schroeder (124) attempted to as-
certain the mechanism of the retention of water and sodium in 
. ). . 
heart failure. Theoretically, the volume of the glomerular fil-
.~ trate might have been reduced with a consequent reabsorption of 
a greater proportion of the filtered sodium and chloride without 
any increase in the rate of reabsorption of those ions. This was 
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not found to occur. 
. 
Farnsworth and Krakusin (111, 112) in their extensive 
studies also found that reduced glomerular filtration was not an 
adequate explanation. (For although in one of their patients the 
glomerular filtration rate and the effective blood flow were re-
duced to 50 per cent of normal, the functions were within normal 
range in another decompensated cardiac). Other studies (Fejfar 
and Brod (113)) have indicated that the renal blood flow and 
the glomerular filtration are very much decreased in cardiac pa-
tients. However, in this connection we must remember that nor-
mal subjects there are times when there is a decreased fi~ra­
tion rate (at night) and there is no interference with the renal 
functions. 
At any rate, Futcher and Schroeder believed that the diffi-
culty did not lie with the glomerular filtration, but with the 
increased rate of resorption of sodium and chloride, either due 
to intrinsic changes within the kidney or through unknown hor-
monal mechanisms. They stated that if the difficulty was pri-
marily renal; then one must explain the fact that the sodium of 
the blood plasma is not increased in failure, as due to the con-
comitant increased reabsorption of water. They felt that their 
thesis was upheld by the fact that mercurial diuretics increase 
the excretion of sodiu0 ~d chloride in decompensated cardiacs. 
(Blumgart and coworkers (37)) in 1934 had demonstrated that the 
mercurial diuretics do not act on glomerular filtration but cause 
an incre~se in the urine flow by a relative decrease in the tubu-
lar resorption.) 
0 
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Then in 1942 Schemm (302) reported on the use of a regime 
of high fluid intake in the treatment of cardiac edema. The 
rationale was, 
"1. The unmistakable signs and symptoms of severe de-
hydration in some cardiac patients with severe 
anasarca. 
2 .• The toleration by enlarged and fib~illating hearts 
in thyrotoxicosis of large amounts of water by mouth 
and by vein before and after operation. 
3. Recoveries from so-called'postoperative nephritis' 
with correction of anuria and clearing of edema, by 
the administration of 6000-7000 co of water for 
several days, mainly isotonic solution by vein. 
4. The clearing of massive edema vdthout disast~r in 
cases of advanced nephritis, which often showed 
choked discs, or grossly diseased hearts,in the 
face of intakes averaging more than 4000 co daily.n 
Schemm felt that his regime was effective in eliminating the edema 
and preventing its recurrence in sever.e cases. In the follow-up 
study in 1944 it is interesting to note that among the 402 cases 
treated there were 13 resistant cases, these patients in addition 
to their cardiac disease had cirrhosis of the liver and ascites. 
In 1944 Warren and Stead (361) proposed that the mechanism 
is not a backward failure but a condition of "forward failure" 
with the primary dysfunction at the kidney. They stated that 
when the cardiac muscle fails there is an excess retention of 
salt and water for unknown reasons. (They mentioned the possibi-
lity of increased capillary permeability, and faulty lymphatic 
return of the crystalloids). The retention of the salt and water 
causes an increase in the extracellular fluid and plasma volume 
and subsequently an increase in the venous pressure. Then the 
local changes in the venous pressure cause a local transudation 
.and the appearance of edema fluid. They also found that most 
of the patients with cardiac edema add protein to the blood 
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stream in response to the hemodilution caused by the retention 
of salt and water so that the plasma protein concentration i~ 
almost normal and the total circulating protein is increased. 
In time, the increase in the blood volume and the extra-
cellular fluid volume cause the rise in the venous pressure. 
The osmotic pressure of the plasma proteins and the increased 
extracellular fluid pressure provide the physical forces that 
enable the large plasma volume to be maintained in the presence 
of the high capillary pressure that results from the increased 
venous pressure. The local differences in the venous pressure 
determine the placement of the salt and water. 
Thus, this theory postulates (on the basis of measurements 
- using mainly T 1824 dye) that the plasma volume is increased 
through the mechanism of the salt and water retention as oppo-
sed to a decreased plasma volume due to the formation of the 
edema fluid that acts as the stimulus to the salt and water 
retention. 
After the original work of Warren and Stead, numerous 
papers have been published on the subject of forward versus back-
ward failure and it is still a matter of controversy. Merrill 
(240) in 1946 investigated the weight gain and the increased 
plasma volume in the patients with cardiac failure; his results 
were incompatible with the backward failure theory. He attri-
buted the salt retention in chronic congestive failure to a re-
duction in the filtration rate caused by a marked reduction in 
the renal blood flow. 
His data indicated that the renal tubules reabsorbed salt 
' 
normally, in contrast with the earlier data already mentioned. 
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Therefore 1 the decrease in the fi~ration rate in the presence of 
a normal or slightly decreased reabsorption was his explanation 
for the fact that the edema of cardiac failure develop~ with the 
normal salt in the diet. He noted that the renal Dlood flow was 
reduced to about l/5 normal when the cardiac output was reduced 
one half 1 thus indicating a diversion of the blood away from the 
kidney. He believed that his data were in accord with the forward 
failure theory of Warren and Stead. 
Mokotoff 1 Ross and Leiter (246) in 1948 evaluated the re-
. 
lationship between the decreased sodium excretion and the renal 
blood flow in congestive failure. They also attempted to deter-
mine the nature of the upset in the renal function and to corre-
late the altered renal dynamics with the sodium retention. When 
para-aminohippurate and mannitol clearances were used as indices 
in chronic congestive heart failure 1 it was found that the rena~ 
flow was reduced to one third and the filtration rate to two 
thirds of normal. They agreed with Merrill that the major upset 
was in the filtration and not in the reabsorption of water and salt. 
They also stated that the underlying factor leading to cardiac 
edema~s the prima~ water and salt retention. 
On the other hand 7Farnsworth (110 1 111, 112) in her inves-
tigations in the same year, although she believed that her results 
were in accord with those of Warren and Stead, did not quite agree 
with Merrill. In a decompensated patient with profound kidney mal-
function, the fluid retention and edema was associated not with a 
failure of the glomeruli or a decrease in the number of working 
. 
nephrons but an increased tubular reabsorption of sodium (and a 
variable behavior towards chloriae). In addition, the sodium and 
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~ chloride renal clearances were determined in a grot~ of cardiacs, 
in patients with nephrosis and patients wit~ portal cirrhosis. 
c 
The results in the cirrhotics and cardiacs were similar; the for-
mation of edema was associated with a decreased ratio of the urine 
sodium to the urine chloride. As mentioned, thw work o~ Futcher 
and Schroeder, Farnsworth and Krakusin support the idea of in-
creased tubular reabsorption. 
Peters (275, 276, 277), one of the main exponents of the 
theory of ~ackward failure, pointed out that if retention of sodium 
and water were the primary event in cardiac edema, there must be 
a reason for that retention which as yet is not forthcoming. Fur-
thermore, the renal impairments that have been reported by various 
people are not regularly found; that is, the glomerular filtration 
rate and the renal blood flow may be but are not always reduced. 
The work of Blake and Wegria (368, 32) does not substantiate 
the conception of forward failure. They·studied the effect o~ in-
creased venous pressure on renal function as determined by clear-
ance studies on normal anesthetized dogs. When the venous pressure 
was increased from 100 to 350 mm saline, there was a decrease in 
the sodium and the water excretion witho~t any change in the renal 
plasma flow, glomerular filtration rate, glucose Tm or diodrast 
The reduction, they felt, was due to the increased resorption 
and the effect occurred even when the plasma sodium was low. (How-
ever if the venous pressure was raised even higher,then there was 
a decrease in the renal blood flow and the glomerular filtration 
rate.) Therefore, if we ascribe the increased reabsorption of 
sodium and water to the increased venous pressure in cardiac de-
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compensation, as these authors did, then the venous pressure in-
crease preceded the retention of the sodium and there is no need 
to postulate a forward· failure theory. 
Peters stated that the evidence that led Warren and Stead 
to propose their theory, namely the increased blood volume, is 
open to criticism. The dye method that was used is highly un-
reliable especially in this condition when the liver is swollen 
and congested. There is also the fact that if the blood volume 
were expanded then one might expect the infusion of lange .amounts 
off fluids to have a deleterious·effect. It is known, however, 
that infusions of blood, plasma and salt-poor human albumin have 
all been used with good results. This and other evidence lead 
to Peters' statement, "The reality of the Starling sequence cannot 
be denied. Its every step can be logically inferred from 
established principles of physical chemistry and physio-
logy. The Starling principle of the formation of edema,. 
upon which it rests, cannot be ignored. Before the 
theory of forward failure can be accepted, it must be 
tested by and proved compatible with these principles.n 
Brod and Fejfar (55) in 1950 stated that the primary event 
in the disturbance of water balance is an impairment of the renal 
'blood flow due to an efferent atftriolar spasm. This takes place 
.irrespective of the venous pressure changes which, if present, 
are secondary in nature. Therefore, the fall in the renal blood 
flow in turn causes an oliguria and then a retention Qf sodium 
and water. 
Hwang and coworkers (164) carried out studies on the effect 
of chronic increase in the renal venous pressure on the renal so-
dium excretion. The renal blood flow, glomerular filtration rate 
~ and sodium excretion were determined at intervals on dogs before 
and after the inferior vena cava was ligated above the renal veins. 
G 
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There was a constant elevation in the renal venous pressure that 
initially caused a reduction in the renal blood flow and glomeru-
lar filtration rate. After one week, despite the increased renal 
venous pressure, all the functions returned to normal. They con-
cluded that there does not appear to be any simple cause and ef-
fect relationship between chronic renal venous pressure elevation 
and the retention of sodium in dogs. 
One might quote experimental evidence ad infinitum on this 
subject, but suffice it to say that the experiments of MacMichael, 
. 
Landis, Roos, Starr and many others have contributed greatly to 
the clarification of the problem. We should mention the fact that 
some workers believe that the initial event in failure is a veno-
constriction peripherally, with a shift of the blood from the 
arterial to the venous aide, increased venous pressure, transuda-
tion, edema, and secondari~y a humoral mechanism that causes in-
creased sodium and water retention. The initial stimulus is not 
a decrease in the cardiac output, nor a decrease in the total blood 
volume, but may be a decreased circulation or a decreased oxygen 
supply to some as yet unknown vital region of the body, where anox-
emia acts as a stimulus for the whole series of events (287). 
In a recent paper, Landis and Hortenstine (200) made several 
observations that may be important in furthering the understanding 
of this subject. They noted that while the relationShip betwean 
the rise in the venous pressure and the fi~ration of fluid through 
the capillary wall is unquestioned mu~ more than the simple fil-
tration of fluid is involved in the cardiac patient. The concur-
rent pooling of blood in congested veins tends also to decrease 
the effective blood volume. 
They believe that the older idea of prerenal (backward 
failure) deviation of the sodium and water owing to the high 
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venous pressure, and filtration into the tissue spaces with 
secondary (and for plasma volume compensatory) retention of 
sodium and water by the body is not so much wrong as it is over-
simplified and too general. It does not imply or indicate the 
intermediate steps by which the kidney is stimulated to retain 
rather than to excrete. 
.~ Landis further stated that~all of the recent reviews on 
the role of the ~idney in congestive heart failure, it was not 
possible to establish the true sequence of events. Even though 
there is elevated renal venous pressure and reduced glomerular 
filtration the mechanism for the retention of sodium and water is 
not clear. Landis felt that this sequence of events is not limi-
ted to cardiac patients, but may be produced in normal subjects 
under suitable circulatory stress. 
G. Salt and Water Retention in Cirrhosis with Ascites 
It had been noted for a great many years that oliguria was 
a common occurrence when ascitic fluid accumulated in cirrhotics. 
Mosse (156) in 1879 stated that oliguria mark~the onset and 
polyuria the recovery from acute hepatitis. Gilbert (127) who 
has studied portal congestion since 1899 said, "whenever there 
exists an intrahepatic vascular obstruction, there 
occurs a series of symptoms which have been grouped 
under the name of 'the syndrome of portal hypertension11 • 
The· fundamental features of the syndrome are as follows: 
'opsiuria' or delay in the elimination of urine, ascites, 
splenomegaly, haemorrhoids, gastrointestinal hemorrhages, 
and the development of the collateral circulation as 
seen in the anterior abdominal wall. Of all the symptoms 
which constitute this syndrome, the earliest is opsiuria. 
The others vary in their order of appearance according 
0 
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to the type of case." 
These French writers in 1928 still believed that the most deli-
cate adjustments in portal congestion were not centered about 
the.abdomen but at the kidney. 
Rowntree, Keith and Barrier (297) in 1925 treated cirrho-
tics with ascites by means of mercurial diuretics and lessened 
their fluid accumulation. They had also placed the patients on 
low salt diets but believed that most of the clinical improvement 
was due to the diuretics and their renal effects. 
McMichael and Smivk (239) in 1933 also noted in experimen-
tal animals with portal congestion that there was a disturbance in 
renal function that was manifest by delayed diuresis. It is only 
in the very recent past, however, that any definitive studies have 
~een carried out on the role of the kidney in the production of 
ascites in cirrhosis. 
Layne and Schemm (202) decided in 1947 to observe the ef-
fect of a high fluid intake and an acid-ash diet in patients with 
cirrhosis and ascites, in the hope that the abdominal fluid would 
be cleared. Their decision was based on the similarity that ex-
ists between hepatic congestion with ascites of cardiac origin and 
porta+ cirrhosis with ascites. Since the former condition was 
known to benefit from that regime, it seemed logical to treat the 
cirrhotics in the same manner. 
They selected 2Q cirrhotics with ascites and used the re-
gime that had been successfully assessed on the cardiacs. (Average 
caloric intake 250 grams of carbohydrate, 15 grams of protein, 100 
grams of fat with intravenous glucose and vitamins. Ammonium chlo-
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ride was given in doses of 4 grams per day and 1-2 cc of mercu-
0; purin per day). The results are summarized in the following table. 
TABLE XX 
(Abridged from Layne and Schemm (202)) 
The Use of a High Fluid Intake and a Low Sodium Diet in the 
Management of Portal Cirrhosis with Ascites 
Case 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Age 
50 
54 
26 
63 
44 
44 
63 
43 
44 
57 
73 
64 
59 
62 
52 
66 
64 
59 
66 
38 
. 
Degree b~fore 
treatment 
Ascites 
Weight 
Loss 
lbs. 
31 
14 
13 
25 
11 
32 
11 
too ill 
12 
22 
20 
15 
14 
22 
12 
26 
17 
12 
13 
13 
Period of treatment needed 
clear 
# days 
42 
31 
17 
12 
17 
21 
9 
45 
6 
26 
8 
5 
14 
13 
6 
17 
18 
7 
7 
21 
The ascites cleared in 19 of 20 patients and in a general 
way the weight decrease was proportional to the ascitic fluid loss. 
In the patients classified 4 ;'-, the average weight loss was 24.4 
pounds; in those classified 3 -/-, 13 pounds, and in those classi-
fied 2 -/-, 11.5 pounds were lost. In contrast with the congestive 
failure patients, there was no decrease in the size of the liver 
with the clearing of ascites. The mercurials did not seem to have 
~ any deleterious effect; the fluid intake of 3000-5000 co per day 
was apparently unharmful. The paracenteses were decreased to prac-
tically zero in the 9 patients who ~reviously needed them (except 
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~ in patient 3 who did not respond well). 
Layne and Schemm concluded that in accordance with pre-
vious work (i.e., Darrow and Yannet who showed that water and 
salt tend to move together) one might be able by_the manipulation 
of sodium i.e., restriction, to prevent water storage and facili-
tate its elimination. They ~elt that too much emphasis has been 
placed on portal hypertension and hypoalbuminemia in the patho-
genesis of ascites and that sodium may be of more moment. 
In l948
1
Patek and coworkers (268) observed that when con-
centrated albumin was given intravenously to cirrhotics with asci-
. 
t·es, the glomerular filtration rate and the plasma flow to the 
kidney both rose. Since the fiThration fraction decreased after 
_the injections, there seemed to be a greater increase in the plas-
' 
ma flow than the glomerular filtration. They concluded that the 
retention of salt and water is not the result of impaired glome-
rular filtration since that function was normal in the three pa-
tients studied. The renal tubules were apparently able to resorb 
the greater loads of salt delivered to them due to the heightened 
rate of plasma flow induced by the albumin. 
Farnsworth and Krakusin (112) made an exhaustice study 
of the renal dynamics in salt and water retention in cirrhotics in 
terms of the clearances of mannitol and para-aminohippurate and 
the quantitative evaluation of the urine electrolytes. The ex-
cretion of sodium was found to be low not matter how the dietary 
. 
load was yaried; the posi~ive sodium balance persisted despite 
additional electrolyte loads and was quite refractory to mercu-
rial diuretics. The fluid output was diminished, and mercurial 
.. 
diuretics only rarely diminished the body weight. The J., : 
,.-: ' :1 ~ 
I~ 
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diuretics caused a grea~er chloride than sodium lo~s accompanied 
by an increased potassium in the urine. 
"Tnese facts par~llel the findings in congestive 
fa~lure, and establish the fact that in Laennec's 
cirrhosis sodium retention rather than hypoprotei-
nemia is a major de~erminant of ascites and edema. 
Here again, i.n cirrhosis as in cardiac failure, the 
pattern is not one solely of filtration of plasma 
water and electrolytes through the capillary wall, 
but a more complicated sequence in whiCh the reab-
sorptive activity of the renal tubules plays a sub-
stantial role." "' 
Farnsworth and Krakusin then raised the question of whether 
the retention of sodium is of primary or secondary importance. 
Are the kidneys incompetent in cirrhosis; are there abnormali-
ties in the electrolyte concentration in one or all of the fluid 
compartments? All the kidney function tests carried out, i.e., 
mannitol and para-aminohippurate clearances, were within normal 
r.ange. The fluctuations of the urine cationic values in res-
' ponse to the administration of various salts was a further demon-
stration that the renal function was normal. They concluded that 
there is a specific stimulus acting for the retention of water 
and salt (and that the stimulus is the same in both cardiac and 
liver damage.) 
McKee and coworkers (232) in 1948 produced ascites in dogs 
by means of constricting the inferior vena cava above the liver. 
Extreme changes in the fluid accumulation were caused by the 
inclusion or exclusion of salt from the diet of the animals. 
They fed two of the dogs 6 grams of sodium chloride ~n capsule 
form (and the dogs were on a low protein diet). Over a period 
of two. weeks 5390 co of ascitic fluid were collected. 
Q 
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The experiments carried out on one animal were highly sug-
gestive. During the period o~ high protein diet the plasma pro-
tein was maintained at a level of 7 grams %, no ascitic fluid was 
produced and the animal was in positive nitrogen balance. Then 
in the following three week period the .dog was kept on a low pro-
tein diet and it was observed ·that its weight increased (supposed-
ly due to the accumulation of ascitic fluid) and the nitrogen 
balance was negative. In the following 10 days the dog was fed 
6 grams o~ sodium shloride daily while still on the low protein 
diet; the plasma proteins of the serum fell to a level of about 
4 grams %and 6330 cc of ascitic fluid were collected. The hema-
tocrit showed a rise during the latter part of the low protein 
diet and when the salt was added. The authors stated that this 
might well be a hemoconcentration due to the drain on the plasma 
protein and the lowering of the circulating plasma volume. 
Since the effectw of the addition of the sodium to the diet 
were so striking, they decided to determine the effect of the con-
verse. vVhen the animal had been stabilized by the use of a high 
protein diet and then put on the low salt diet, plasma protein 
level did not change, there was no ascitic fluid production and 
the animal was in positive nitrogen balance. Again, when salt was 
added to the diet)the plasma proteins fell; the ascitic fluid pro-
duction was stepped up; in this case though, there was no change 
in the hematocrit. McKee concluded that in general the high pro-
tein diets have a favorable effect on the ascites though .there is 
an increase in the proteins of the ascitic fluid; that the ~igh 
~~otein diet with minimal salt probably is most beneficial for the 
~~~~s~ion of ascites. 
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In a later paper (231) he reported further experiments upon 
similar animals. The administration of 6 grams of sodium chloride 
added to the diet daily with either a high or l~w protein diet 
caused a depression of the plasma protein levels and the accumu-
lation of ascitic fluid which contained most of the lost protein. 
It was found that the mere forning of fluids in the absence of 
NaCl, the administration of sodium-free salt in amount equal to 
the sodium chloride dosage or the administration of diets low in 
sodium chloride,did not produce that effect. 
He felt that the success of the salt-poor or salt-free human 
albumin that has been,reported upon earlier may be attributed more 
to the paucity of salt in the diet than to the oncotic effect of 
the albumin. 
Eisenmenger, Ahrens, Blondheim and Kunkel (99) in 1949 studied 
13 patients with cirrhosis and ascites, who were "kept on a care-
fully controlled diet that contained but 0.8 - 1.2 grams of salt 
per day. ·The patients showed a cessation of ascites formation, 
accompanied by positive nitrogen balance, a rise in serum and 
ascitic fluid protein. With the mobilization of the ascitic fluid, 
there was an increase in the urinar.1 sodium chloride. Higher sodium 
chloride intakes caused ascites formation in direct proportion to 
the amount administered. 
In their data, the average critical ~vel was 1.2 grams NaCl 
per day. The fluid excretion rose in all the patients on the low 
sodium diet. A high fluid intake had little effect in altering 
the daily sodium chloride excretion. The serum protein values rose; 
the rise in the albumin and in the colloid osmotic pressure was 
c 
approximately equal in the two compartments - evidence of the 
equilibrium. There was little change in the plasma volume. 
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When the sodium level of the diet was increased after a period 
of three months, eight patients reformed ascitic fluid,.four did 
not. During the course of their study, two of the patients died, 
one due to ruptured esophageal varices, the other due to intoler-
ance of the low salt regime. 
In this connection we should mention that it has recently 
been pointed out in the literature that there exist a number of 
situations that can·result in a nlow salt syndrome11 • Soloff and 
Zatuchni (326), S~o·eder (306, 307) and others pointed out that 
this was especially likely to occur in the cardiac patients on 
low salt diets who were treated exuberantly with mercurials. 
Their work has been criticized since most of their measurements 
were carried out on chlorides instead of sodium. At any rate, 
though it is possible 1theoretically,for a cirrhotic to develop 
a low salt syndrome, it is an unlikely complication. As Strauss 
(337) has pointed out, early in the course of the regime the body 
had adequate fluid supplies to draw on (and it is often found that 
after a short time the serum sodium rises on the low salt regime); · 
and ~n the second place, there is seldom measurable kidney disease 
in the cirrhotics;-and it was in those with definite renal patho-
logy that Schroeder has reported the deaths. 
The cirrhotics who might be prone to develop a low salt 
state are those who have been repeatedly tapped with the loss of 
sodium, and who are then placed on a regime of mercurial diure-
tics and low salt diet. Davidson (79), Eisenmenger (100) and 
others have pointed out that patients who are repeatedly tapped 
are constantly losing valuable sodium. In February of 1951, 
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Holley and McLester (161) confirmed this viewpoint when they re-
ported two cirrhotics who had been placed on low salt diets, given 
mercurials, and later tapped due to the apparent in~ffectiveness 
of the former regime to prevent the accumulation of ascitic fluid. 
These patients exhibited the signs and symptoms. of salt depletion 
and were restored to normalcy through the administration of 500-
1000 cc of 5 per cent salt solution. The authors stated, 11 The 
removal of large amounts of isotonic fluid from the 
serous cavity will seriously deplete the plasma of 
electrolytes; this, in turn, especially if frequently 
repeated, will produce the syndrome comp~x seen in 
primary salt depletion. It seems reasonable, there-
fore, for one to. assume that the rigid limitation of 
sodium chloride intake, combin~d with the increased 
excretion of this electrolyte by mercurial diuretics, 
will produce such a syndrome." 
Faloon, Eckhardt, Cooper and Davldson (108) came to the same 
conclusions as Eisenmenger. The cirrhotics with ascites excreted 
practically none of the salt that was given either orally or 
parenterally. The sodium excretion increased only under the in-
fluence of mercurial diuretics, the administration of albumin, 
or during a spontaneous decrease in the edema or ascites. 
They, too, were able to alter directly the ascites of the 
cirrhotics. When the salt in the diet was increased there was a 
proportional increase in the abdominal fluid; when the patient 
was put on a low sodium regime,there was a decrease in the fluid 
accumulation. They believed that we should be less concerned with 
the antidiuretic hormonal effects in cirrhotics since that hormone 
alters essentially water and not salt; our attention should be 
directed towards the sex hormones or the adrenal cortical hormones 
that are known to influence the sodium le vels of the body. 
Leslie, Johnson and Ralli (204) mn 1949 carried out renal 
clearance studies on cirrhotics with and without ascites. The 
effective renal plasma flow (CpAff)~ the glomerular filtration 
rate (01 n), and the maximal tubular excretory rate (TruPAJI) were 
measured mn 11 patients. 
TABLE XXI 
(From Leslie~ Johnson and Ralli (204)) 
Renal Function in Cirrhotics 
Reaccumulating Spontaneous Cirrhosis 
Ascites Diuresis No Ascites 
0PAH 371 co/min. 704 co/min. 846 co/min. 
Cl n 69 n 136 (f 153 n 
T PAR 62 
" 
54 u 74 
" m 
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There was (Table XXI) a decrease in the renal blood flow and 
the glomerular filtration rate when ascitic fluid was reaccumula-
ting. once diuresis occurred~ there was a return to approximately 
no1~al. VVhen the ascites was controlled~ the measurements showed 
an increased renal plasma flow and glomerular filtration while 
the maximal tubular excretion stayed about the same. These studies 
~~etoo limited in number to give us more than a:relative view of 
the kidney function in the cirrhotics. Though it appeared that 
the renal flow and the glomerular filtration rate fua~e either a 
primary or secondary role in the formation of ascites and perhaps 
in the salt retention, it is still a moot question. 
Goodyer, Relman, Lawrason and Epstein (133) suggested that 
previous experiments on the salt retention were not too accurate 
an. index of the kidney function relative to the salt retention 
0 
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since the patients had a free access to water and were essentially 
diluting any salt that was given them.(Although Eisenmenger and co-
workers had previously noted that altering the water intake in the 
ascitic firrhotics did not alter the salt output). 
Therefore, in their studies, they deprived the subjects of 
food and water for 12 hours before salt infusion and 6 - 8 hours 
afterwards. After the infusion of 5 per cent saline,in the normal· 
subjects.,the urine flow and therate of excretion of sodium in-
creased and thereby tended to return the serum sodium to its nor-
mal level. Two cirrhotics without ascites excreted similar amounts 
of salt (12 - 54 per cent of the administered sodium) during the 
period of water dep~ivation. The cirrhotics ~dth edema, ascites 
or both excreted only 0.2 - 10 per cent of the administered saline. 
The sodium retention in the latter group was observed to occur at 
times when their mannitol and PAR clearances were within normal 
limits. They concluded, "These results are interpreted as evi-
dence of a specific impairmen~ of 'the renal mechanism 
for the excretion of administered sodium in cirrhotics 
with edema and/or ascites. The clearance data indi-
cate the probability that dietary sodium is retained 
by the kidneys of these patients as a result of its 
increased tubular reabsorption, the stimulus for 
which remains obscure." 
r 
Epstein, Lesser and Berger (104) in 1950 evaluated the work 
that has been carried out on renal function in decompensated cirr-
hosis and added data of their own. In 12 patients who had portal 
cirrhosis, ascites and who previously had needed paracenteses, they 
measured the glomerular filtration rate as the inulin clearance 
and the renal plasma flow as the para-aminohippurate clearance. 
The former varied from 93 - 169 ml/min. with a mean of 123 ml/min, 
values that fall within normal range. Except for the very highest 
and lowest measurements the renal plasma flow (mean 595 mljmin) 
fell within normal limits. Their data has been added to the 
following table. 
TABLE XXII 
(Abridged from Epstein, Lesser and Berger (104)) 
Summary of Inulin, Mannitol and PAH Clearances in Patients with 
Cirrhosis of the Liver Reported from Various 
Laborat cries 
168 
Author Subjects Accumulating Ascites Inulin Mannitol PAH 
Fluid CJ.e arance Clearance Clearan 
ml/min. ml/min. ml/min. 
Patek 1 
1 
1 
Leslie 5 
2 
6 
Farnsworth 1 
1 
Goodyer 1 
1 
1 
1 
1 
1 
Epstein 12 
~~ Mean 
yes yes 
yes yes 
yes yes 
yes yes 
no yes 
no no 
yes yes 
yes yes 
yes yes 
yes yes 
yes yes 
yes yes 
yes yes 
yes yes 
yes (11) yes 
91 434 
142• 600 
172 709 
69~~ 
-
371 
136~1- 704 
201-:t- 846 
61 415 
74 476 
--
60 298 
88 449 
94 526 
102 492 
123 418 
124 647 
123~!- 595~!-
Thus we may conclude from the available data that the inability 
of the cirrhotic to excrete sodium is not a function of the filtra-
tion rate, - that is, salt retention occurs in the presence of a 
normal glomerular filtration rate. As mentioned, Goodyer and co-
workers further increased the load of sodium presented to the 
kidney, and found that the cirrhotic compared to the normal 
avidly retains the salt • 
0 
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High ~enal Fenous p~ess~e has been shown by Hwang and othe~s 
(as mentio~ed ea~lie~) to be factor that at our p~esent stage of 
info~mation ha~ little to do with the ~etention of sodium. Like-
wise, all the measu~ements quoted in Table XXII show that the 
~enal plasma blood flow is within no~mal limits. The~efo~e, it 
appears that the ~etention of sodium is due to an excessive 
~esorption at the renal tubules, as Goodye~, Epstein and many 
other wo~kers have indicated. 
The mechanism by which this ~eabsorption takes place is not 
yet clea~. Eisenmenger, Blondheim, Bongiovanni and Kunkel (100) 
ca~~ied out extensive studies of the electrolyte balance in ci~~­
hotics. They made the interesting observation that in the patients 
with the maximal ascites the concent~ation of sodium in the saliva 
and in the sweat was reduced. This indicated that the mechanism 
for sodium ~etention is a generalized one and may be ho~monal. 
The elevated ~educing corticoids in cirrhotics, the similarity 
between the state of affairs in c~rrhosis and people given desoxy-
co~ticosterone acetate point to a possible ~ole of the adrenal 
co~tex in the sodium ~etention. The problem however is not yet 
solved and it remains for further investigation to ·cla~ify the 
specific mechanisms at wo~k. 
H. A Compa~ison of Salt and Wate~ Retention in Cardiac Disease 
and in Cirrhosis with Ascites 
Chavez, Sepulveda and o~tega (71) pointed out in 1943 that 
the functions of the live~ are upset in cardiac failure, and that 
they usually ~eturn to no~mal when the failure is arrested. The 
functional hepatic disturbances did not seem to bear a definite 
0 
~ 
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relationship to the cause of the he~t disturbances. Layne and 
Schemm (202) began no study the relation that exists between 
heart and liver dl sease in 1947 when they fed the cirrhotics 
the same diet as they had used for cardiac patients. 
They reported in 1949 (203) on 50 cases of cardiorenal dis-
ease and five cases of portal cirrhosis with ascites. All the 
patients were on low nitrogen, high fluid (4 -5 liters per day), 
acid ash, low sodium (not more than 2 grams of sodium chloride 
per day) diets, w~re fed 4 gram. enteric coated ammonium chloride 
tablets and were given mercurial diuretics. The u~inary chlorides 
were used as an index of sodium movements. 
"The chloride (and presumably sodium) excretion in the 
urine in patients with portal cirrhosis and ascites, 
with severe glomerular renal damage, and congestive 
heart failure was found to follow a similar pattern. 11 
The diuresis of hepatic cirrhpsis was never as great as that 
seen in the cardi~cs. This was explained as being due to the re-
tention of the antidiuretic substances in the cirrhotics. The 
I 
~echanism of fluid retention thus may not be the same, but the 
fluid may be mobilized in a similar manner in both conditions. 
I 
Since the chloride excretion was so similar in the three co.ndi-
uions, they felt that sodium balance is of prime importance. 
\ Farnsworth and Krakusin (112) found similar retention of 
s,lodium, water and chloride in the two diseases. They favored 
I 
p~imary renal reabsorption as a majo~ factor rather than increased 
l glomerular filtration in both conditions. On the other hand~ there 
I 
were differences: the urinary sodium and chloride in the cirrho-
1 
t~cs was much l·ower than in the cardiacs, the response to the 
I 
mercurials was more divergent since the effect was minimal on 
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sodium and maximal on chloride excretion. Since the renal clear-
ance tests were normal in the cirrhotics they suggested that 
there is a specific stimulus acting for the retention of salt 
and water and that the stimulus is the same in cardiac disease 
and cirrhosis. 
In their latest paper, Layne, Schemm and Hurst (203) carried 
out liver function tests on cardiacs to determine if there were 
any hepatic alterations that might add to the similarity of the 
diseased state of electrolyte balance in cardiacs and cirrhotics. 
They reiterated that the electrolyte balance is similar in both, 
and that there is definite liver damage in cardiac failure that 
may add to the effects of myocardial insufficiency in disturbing 
the water and sodium balance. 
I. The Role of Hemoconcentration 
Recent studies carried out at the Thorndyke Laboratories by 
Davidson and coworkers (79) have also corroborated the previous 
reports. A group of patients who had required multiple paracen-
teses for relief of their ascites, required none after they were 
put on a low sodium diet (25- 50 milliequivalents per day). 
It was noted that after paracentesis there was an increase 
in the hematocrit in all the patients before they were put on 
low sodium therapy. They had oliguria and decreased serum sodium 
after the abdominal tap. It is important to remember that not 
only does the paracentesis deplete the body water and protein, but 
it is also a sodium depleting procedure. 
After the low salt diet was instituted, the hematoGrit was 
found to increase, there was gain in body weight, the serum albu-
min increased, the urine volume increased and there was an early 
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diuresis. The serum sodium was found to rise despite the low 
salt diet. This may be explained by an exchange of intracellular 
potassium and sodium or by the fact that the sodium diuresis is 
preceded-by water diuresis. Thus, we see that the low sodium 
diet has proven to be remarkably successful therapy in an in-
creasing number of patients with cirrhosis and ascites. 
Davidson suggested that cirrhotics tend to have a decreased 
plasma volUme despite the fact that previous measm~ements have 
shown it to be increased. In the first place1most of the volume 
studies were carried out with T-1824 which measures more than 
simple plasma volume, and secondly we have the recent studies 
(333, 207) which show that most of the body compartment measure-
ments have erred on the high side. After paracentesis, the 
hematocrit had increased showing that the plasma volume was de-
occurred 
creased (or hemoconcentratioY:0. The fact that the hematocrit 
decreases after patients were treated for several weeks with a 
low salt diet is additional evidence that the patients had de-
creased plasma volume during the course of their disease. · 
These observations led Davidson to suggest that the primary 
derangement may occur at the capillary membrane, where, foB 
example, there might be an increased transudation due to portal 
hypertension. This would cause a hemoconcentration and the hemo-
concentration would be the stimulus to the antidiuretic hormone 
and all the hemeostatic mechanisms of the body to conserve water 
and salt. 
J. Sumrnar;y 
It is now well known that the principle components of the 
extracellular ~luid are sodium salts, especially the chloride, and 
water. It would seem therefore that the accumulation of edema 
fluid would be limited by the amount of sodium and water that 
are present within the body. As starling so clearly showed, 
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the movements of fluids within the body are governed by opposing 
forces. 
"Transudation is favored by the capillary blood 
pressure and colloid osmotic pressure of peri-
vascular fluid and opposed by colloid osmotic 
pressure of plasma and by tissue tension; factors 
that contribute to tissue tension are inherent 
in elasticity of tissues and distention of tis-
sues by fluid because of imbalance of capillary-
tissue exchange and variations of lymphatic 
drainage.'' (275) 
However 1 in any consideration of the exchange of water be-
tween the cells anq the extracellular fluid, the contxolling 
factor is the osmotic pressure of the extracellular fluid elec-
trolytes. Sodium being the most important ion in that extra-
cellular fluid is the one that cellular-extracellular fluid 
,exchange is dependent upon. We also know that the processes 
of fiThration, reabsorption and active secretion take place at 
the kidney tubules. 
If the handling of sodium by the kidneys is the essential 
determinant of water retention, then there are a.number of ques-
tions to be considered. Is there essentially a primary defect 
in the kidney so that the sodium is not filtered? Is there an 
excessive reabsorption of sodium? Are there hormonal factors to 
be consid:ered? Is the essential weak link in the chain in the 
peri·toneal cavity with sodium being lost there and the effects 
at the kidney merely secondary and conservative in function? 
Are there any neurogenic defects? 
0 The information at hand with regard to the renal factors 
·indicates that the filtration rate is not altered and that 
increased reabsorption is of greater significance. There is 
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no clear cut evidence to indicate any more than the possibility 
ihat there may be a primary renal influence triggering the whole 
mechanism of water retention; - and it seems to the present writer 
that the evidence points towards an underlying hormonal mechanism. 
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IX. INTRAABDOMINAL PRESSURE AND ASCITES 
11It would appear, therefore, that portal congestion 
causes (1) delayed absorption of water from the 
gastrointestinal tract; (2) the increased intra-
abdominal pressure, if it is sufficiently high, 
will contribute to edema formation by increasing 
the venous pressure in the inferior vena cava and 
renal veins by virtue of the fact that there is a 
decreased urine excretion and slowing of the blood 
flow through the legs." (174) 
Keefer, 1950 
0 Another of the numerous factors that investigators at one 
time or another have considered to be of primary importance in 
the pathogenesis of ascites is intraabdominal pressure, a factor 
that may play a secondary contributory role in the formation and 
maintenance of the peritoneal fluid accumulation. 
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Thorington and Schmidt (345) in 1923 investigated the effects 
of increased abdominal pressure on renal function in dogs. They 
wished to determine by comparison with human subjects the influ-
·ence that ascites had on kidney function. When they increased 
the intraabdominal pressure to 30 mm Hg there followed a com-
plete suppression of urine formation in dogs. If the pressure 
was less than 15 mm there was no constant effect; between 15 and 
30 mm Hg there occurred a progressive diminution in the urine 
formation. The venous pressure of the inferior vena cava·below 
the diaphragm increased when the intraabdominal·pressure rose. 
"Suppression of urine with high intraabdominal 
pressure is probably due to the rise in the 
abdominal venous pressure, the effects of which 
on the renal circulation are comparable to those 
of partlal oc.clusion of the renal veins. 11 
In addition, Thorington and Schmidt saw that as fluid en-
t·ered the abdomen, the abdominal muscles lost their tonus and 
more fluid could be accomodated without pressure symptoms. They 
suggested that this loss was a means of compensating for peri-
toneal fluid collections which otherwise would increase the intra-
abdominal pressure enough to completely suppress the urine formation. 
Bradley and Bradley (48) in 1947 measured in man the effects 
~ ~of increased intraabdominal pressure on the renal function. They 
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0 u.s~d a large abdominal pressure cuff inflated to 70 - 80 mm Hg 
and found that the intraabdominal pressure rise averaged 20 mm 
Rg (as measured through Miller-Abbott tubes). They noted that, 
"renal plasma flow and glomerular filtration are almost 
always reduced, together with tubular activities of 
maximal glucose reabsorption and maximal diodrast ex-
cretion. All these functions are reduced to the same 
degree. Water reabsorption, on the other hand, is 
always enhanced, the urine flow decreases, and the 
urine becomes more concentrated." · 
The elevated renal venous pressure in those studies was 
sufficient to account for the decreased renal plasma flow. Brad-
' 
ley also remarked that it was possible for the psychic and phy-
sical stimulation of the compression to ca~se the release of 
the antidiuretic hormone since other workers have found lesser 
stimuli able to do so. 
\ 
In the following year, Bradley and Halperin (49) measured the 
renal oxygen consumption during abdominal compression. On the 
average the consumption was reduced from a normal level of 10.3 
~1/minute to 6.1 ml/minute, i.e., a 40 per cent decrease. At 
the same time)there was an average decrease of 52 per cent in the 
renal blood flow. There was no significant change in the renal 
venous oxygen content. 
These studies continued, and in 1949 Bradley, Mudge, Blake 
and Alphonse (52) reported that when the pressure in the pneu-
matic girdle was raised to 80 mm Hg there was not only a de-
crease in the glomerular filtration, renal blood flow, and urine 
output, but the maximum tubular glucose reabsorption and the 
~ diodrast excretion also fell. The sodium and the water output 
dropped more than the filtration. 
0 
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They concluded that the increased intraabdominal pressure 
seemed to induce the renal retention of salt and water primarily 
as a result of a decreased glomerular filtration independently 
of any antidiuretic hormone activity. The discrepancies in the 
filtration rate and the excretion of sodium and water observed 
in some patients were explained by a possible increased tubular 
reabsorption. 
The process tends to set up a vi:cious circle, for the factors 
that originally upset the fluid distribution cause a retention of 
water and salt that collects in the abdomen. The increasing ab-
dominal pressure and portal congestion in turn may cause a dimi-
nished renal function and a further retention of fluid. It is 
no little wonder that not so many yeaBs ago the appearance of 
ascites in cirrhotics was regarded as a grave prognostic sign. 
We should note that in the light of the more recent evidence 
\ 
there is some doubt cast as to whether the increased renal venous 
pressure that may be caused by asci tic fluid has any significant 
role in the fluid retention. The work of Hwang (164) and others 
(referred to in previous sections) has indicated that although 
an initial increase in renal venous pressure may cause a reduc-
tion in renal blood flow and plasma.filtration, in the face of 
prolonged elevation, the renal functions return to normal ~vels. 
Hwang and coworkers concluded that there does not seem to be any 
,causal relationship between chronic renal venous pressure eleva-
tion and the retention of salt and water. 
0 
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SUMMARY AND CONCLUSIONS 
In order to clarify his impressions for the evaluation of 
· the multiple factors shown to affect the produ~tion of ascitic 
fluid in cirrhotics, the writer has arbitrarily classified these 
factors. The prime considerations are thewsite of activity 
(local or systemic) and whether they hav.e a primary action or 
secondary (acting through one of the primary factors) on the 
fluid localization and retention. 
TABLE XXIII 
Factors Affecting Ascitic Fluid Production in Cirrhotics 
I. Primary Local Factors* 
1. local capillary permeability 
2. local lymphatic flow 
3. local venous stasis 
4. local capillary pressure 
a. fuet:.Iiydrostatic pressure 
II. Secondary Local Factors 
1. portal hypertension 
2. increased intraabdominal pressure 
III. Primary Systemic Factors 
1. plasma oncotic pressure 
2. 1 sodium retention 
IV. Secondary Systemic Factors 
1. antidit~etic substances 
2. ? intraabdominal pressure 
* Complicating factors i.e., local inflammation, etc., have not 
been considered in this classification. See Table XII 
We must remember that ascites is a localized accumulation of 
fluid. We cannot say~ and there is a tendency to do so, that 
~ sodium retention is the sole explanation, for that would clearly 
leave many unanswered questions. Vfuenever we consider such broad 
factors as the total plasma oncotic pressure o~ the serum sodium 
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level 1 we must eventual~y return to the immediate cause of the 
fluid accumulation; i.e., local physical and chemical f.rces 
acting at the capillary membrane. The systemic alterat on can 
influence fluid movements in the peritoneal cavity only by af-
fecting those local factors. 
In considering the primary local factors, one shoul realize tl-tt~ .. :l 
' the equilibrium at the peritoneal membrane may be far m re com-
plex than it first seems. Relman (288) noted., "The port~l capil-
lary blood is separated from the peritoneal cavity by 
the capillary wall, a potential or actual inters itial 
space, and the peritoneal membrane. Changes in hydro-
static and colloid osmotic pressures in the interstitial 
space which are not amenable to measurement may ffect 
the flow of fluid across the peritoneal membrane " 
The local capillary permeability may be impoptant in det rmining 
the amount of fluid that passes into the peritoneal cavi • This 
factor, however 1 is highly variable from case to case, d pending 
not only on inflammation, anoxia, but mebhanical factors such as 
previous paracentesis, abdominal muscle tone, and so for h. That 
the permeability is variable is relatively clear since t~e ratios 
of ascitic fluid proteins to plasma proteins are so incodstant. 
The normal permeability of the peritonea~ membrane to lar~e mole-
cules, and the studies of McKee indicating the rapid rat1 of pro-
tein turnover from the peritoneal cavity, seem to indicatl that 
one does not have to propose extensive capillary damage t0 account 
I 
for the easy passage of protein and the local fluid accum~lation. 
Lymphatic flow appears to be increased in a compensatjry man-
ner in cirrhosis. The compensation is not sufficient to ~estore 
equilibrium and remove the fluid as fast as it is bein~ t9rmed. 
I 
Venous stasis due to the upset architecture of the liver Jay con-
' . I
tribute to the increased passage of fluids into the serous cavity. 
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The local capillary pressure as determined by the d~gree of 
portal hypertension will affect the fluid accumulation as was 
pointed out by starling. 
The net hydrostatic pressure (capillary hydrostatic pressure 
minus the ascitic fluid hydrostatic pressure) minus the effective 
osmotic pressure (the plasma protein osmotic pressure minus the 
osmotic pressure of the ascitic fluid proteins) is a primary 
determining force. It has been pointed out recently that the 
hypoprot~inemia of the cirrhotics with ascites might just as 
well be the result of the effusion as the cause (167). The 
evidence demonstrating how the fluid accumulations parallel 
the sodium intake may in the future point to the validity of 
that concept. At any rate, the fact that some patients with low 
colloid osmotic pressure do not have ascites, while others with 
high colloid osmotic pressure do, certainly makes us look away 
from hypoalbuminemia and plasma collo~d pressures as the sole 
factors responsible for ascites (as once was believed). 
Portal pressure while important in localization,cannot, on 
a basis of recent human direct and indirect measurements, account 
for the fluid accumulation. As Heath (147) concluded, nPortal 
hypertension alone, then, may furnish a l~ger vascular 
bed for diffusion and because of stasis may tend to 
render this area more permeable, While both conditions 
are favorable to ascites formation, they do not of them-
selves produce it." 
~ Increased intraabdominal pressure has a local role in that 
as the ascitic fluid hydrostatic pressure increases there will be 
less fluid transudation. Systemically, its role in causing sodium 
retention by pressure on the large veins with an increased renal 
0 
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venous pressure is open to question. Evidence now at hand in-
dicates that it is not very significant in the over-all situation. 
The role of albumin and colloid osmotic pressure has been 
clearly summed up by Peters (276): 
UJ:t should be obvious that efforts to corl""elat e 
transudation or edema with serum albumin alone are 
futile. All the other variables that determine ex-
changes of fluid between the blood stream and the 
tissues must be taken into consideration. Capillary 
pressure, tissue tension, the concentration of protein 
in the perivascular fluid and lymph-flow are, however, 
not uniform throughout the body nor susceptible to 
measurement •••• to cite one example, In portal 
cirrhosis with ascites, serum albumin is usually re-
duced. Because this reduction cannot be correlated 
directly with the incidence or degree of ascites and 
because ascites unlike the peripheral edema of patients 
with cirrhosis, is not eliminated by the intravenous 
injections of serum albumin, the importance of hypo-
albuminemia in the production of ascites has been 
questioned. starling's theory, however, is based on 
thermodynamic principles. One of the features which 
obscures the correlation between serum albumin and 
ascites is the presence of variable concentrations of 
protein in ascitic fluid. Not the concentration of 
albumin in the blood plasma, but the difference between 
the concentration of albumin in the plasma and the 
ascitic fluid will determine the production or re-
soJ::>ption of as.cites. When seJ::>um albumin is given to 
patients with cirrhosis, the concentJ::>ation of protein 
in the abdominal fluid fJ::>equently rises pari passu with 
its concentration in the plasma; the difference between 
the two, the force upon which absorption and elimination 
of the ascites depends, may remain almost unaltered. 
''Unde.!' any given conditions an equilibJ::>ium. will be 
reached between tJ::>ansudation and absoJ::>ption of fluid 
from the extracellulaJ::> spaces, since the loss of protein~ 
free fluid raises the concentJ::>ation of the protein in 
the plasma, increases tissue tension, and may red~ce 
capillary blood pressure.tt 
The most J::>ecent J::>esearch has been directed toward the elu-
cidation of the role of sodium in the production of ascites. 
Patients with cirrhosis and ascites excrete minimal sodium in 
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their urine. Their ascites seems to be directly influenced by 
<:) the amount of sodium present in the diet. In an evaluation of 
the role of this cation 1there are numerous variables that must 
be considered. The intake of water, the intake of sodium are 
o~ obvious importance. The duration of the ascites, the number 
of paracenteses performed (the relationship between the time of 
0 
previous paracentesis and performance of function tests is a 
variable that·may well explain many of the discrepancies in the 
literature), and any evidences of inflammation are all considera-
tions of moment • 
. 
Is the primary e~fect at the peritoneal cavity with a loss 
of fluid and secondary retention of salt and water! Is there a 
prima~ sodium retention with subsequent loss of fluid to the 
peritoneal cavity? Is there a neurogenic or a hormonal stimulus 
influencing the sodium retention? These are all questions whose 
final answer is to be found in further research. However, it 
does appear to the writer that there is a primary hormonal effect 
(adrenal cortical?) which influences the retention of salt through-
out the body, as evidenced by low urinary, salivary and sweat 
sodium concentrations in cirrhotics with ascites. The retention 
of fluid, superimposed in many cases on a system that already 
has a weak link at the peritoneal membrane, causes the accumula-
. 
tion in this serous cavity, depending essentially upon the portal 
hypertension, the capillary permeability, the effective oncotic 
pressure and net hydrostatic pressure. 
The role o~ antidiuretic factors is still questionable. 
V.D.M. is of little prim~y significance. The role of estrogens 
and of the antidiuretic principle of the posterior pituitary (if 
any) is of minor p~~a~y importance. From a theoretical point of 
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view, one might expect that primary retention of sodium would 
act as a stimulus to the osmoreceptors of the hypothalamic-
posterior pituitary axis to secrete the antidiuretic hormone 
and retain water. V.D.M. may also have a secondary effect 
through the posterior pituitary axis. 
We might propose a highly theoretical sequence of events 
which seems to fit the majority of the facts at the present 
moment. Due to the damage to the liver in cirrhosis there 
occurs portal hypertension (and the possibility that there is 
lack of inactivation of several antidiuretic substances); in 
addition, the liver damage (and later the loss of protein to 
the ascitic fluid) causes hypoalbuminemia and decreased plasma 
oncotic pressure; the capillary membrane and peritoneal mem-
brane may be altered; we now have all the conditions predis-
posing a patient to the accumulation of fluid primarily in the 
peritoneal cavity if there should for any reason be any reten-
tion. 
Then for an unknown reason (perhaps a localized decrease 
J ' 
in the circula~ion to a specialized part of the body (287)) 
.there occurs a generalized stimulus (probably hormonal) causing 
the retention of sodium by the kidney tubules. The increased 
sodium stimulates the osmoreceptors of the posterior pituitary 
axis to secrete the antidiuretic hormone (which may already 
be present in the blood in increased amounts due to high V.D.M. 
levels). Water is reabsorbed in excess amounts. Cirrhotics 
have low plasma sodium levels after the disease has been esta-
blished and especially after ascitic fluid accumulates, so we 
should remember that sodium would not remain a stimulus t;o the 
r· 
0 
o· 
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osmoreceptors for any lengt~ of time. The retention of excessive 
fluid, comf?ined with the fact that there is present a nlow damn 
at.the peritoneal cavity, causes the ascites. 
The loss of.sodium and protein to the ascitic fluid, the 
circulating _antidiuretic substances, the increased intraabdominal 
pressure, all tend to perpetuate this cycle and make the prognosis 
exceedingly poor, if untreated. It is obvious, from what has been 
pointed out previously in this paper, that all the events mentioned 
do not occur in every cirrhotic with ascites '(i.e., portal hyper-
tension may be absent, plasma proteins may be normal, and so forth). 
However, sodium retention appears to be invariable and one or more 
of the localizlng condi tiona are usually present.-so that our theo-
retical explanation may not be too far from the truth, - and 'at any 
~ate serves as a convenient evaluation of the facts at hand. 
Cirrhotics are patients with multiple disease manifestations; 
the disturbance in sodium and.water balance is of great significance 
.no matter how we rearrange the various factors responsible for the 
fluid accumulation. We should remember that these considerations 
are variable from case to case tand that research now being carried 
on will aid in theirclarification. 
"Any explanation of diuresis of edema must 
be compatible not only with the physical 
forces that govern the excretion of water 
and salt, but also with the principles by 
which these forces are automatically regu-
lated to preserve the volume and composi-
tion of the body fluids." (276) 
- finis -
0 
0 
.· 
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